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Uae st Smisecec GCM se pent Of 32 continuing effort by 
maemNaveal PoOSsts#eiacnate Sechadaol to abtain along term data 
base for the improved unisrstanding and interpretation of 
the ELF electromagnetic anvironment 12 the vicinity of the 
sea floor. The overall] project emphasizes the importance of 


acquiring measurements of yeomagnetiz> fluctuaticns on the 


Sea floor over a perioili orf sever3l years #t various 
locations and denvths wrile simultanesusly obtaining data at 
a land based site. Orimary objectives include the 


interpretation cf sigrals covering foirc decades of frequency 
ooew O0.01HZ tc 709 


feqnememetSstsse inductaon coils and OLF/ELF recelivers.This 


Peeetm@ough tn= use of tostal field 


ieee ,Ce daza CcOlleas=ion sovers the Q0.01HZ to 20HZ renge 
Mee l2zine induction coils as seasors. 

The magnetic noise in tne sea 15 DF interest both from a 
geophysical viewpcint aS well as for aaval applications. In 
addition to undersea 1éeli magnetonatry, Sone areas of 


geomecnetic anoma 


iq 
current geophysical interest are the neasurement of marine 
a n centers 2f sea floor spreading, 
n 


Geeracter-zation cf nag fields iaduced by ocean waves, 
geophysical EVewucali zation or low frequency 


2 
Wavegquices presert under the sea floor. Applications of 


Bmeerest to =he Navy 252 in the areas of Nine-warface, 
Submarine detection, SlDmarine coamunication Use ides 
sup2rconducting quantum interference jievice (SJ2UID) as the 
sensing element for an extremely low frequency (ELF) 
rec2iving antenna system, and possibly as @ means of remote 


Mebiricart On Of underground nuclear datonations. 


eZ 





To achieve an undsrstanding of the natures cf «he 
fluctuating undersea geomagnetic spectrun, ites Necessamy 
to ievelop a data base with goals for high quality and great 
M@entity. The collection system utilized by the predecessors 
[1] of this rasearch team acknowledged a shortfall in beth 
these goals. Pho2t COMmeeto2on systsn consisted of two 
channels, e?2ach with a coil antenna sensor, preamplifier, 
variable Gaea  ahpl2tsen.) Voluade controlied oscillator, 
reference oscillator, and an analog cassette tape recorder 
Bertigured as depicted in Figure 1.1. The components were 
encapsulated in Benthos glass sgpher2s with the deployed 
BerpiragWlation aS shown in Figure 1.2. The data collected 
ween this system was limitec by victue of the equipment 
restricticns and deployment tachnigies. The analcg tape 
recorder posed the greates= limitstioia. The data acquisition 
tim]? was iimited by the cassette tape length to a maximun of 
45 minutes per channel per system deployment. Tha accuracy 
of the data wis greatly desandent upon the stability of the 
Pserlilators. additionadly the utility for comparison of the 
Merc2 With data taken a: a nearby land station is 
Mfes-1Onable since the synchronization of the data could 
Say be crudely approximatsi. 

The particular objectives of this thesis resaarch was to 
impreve the ocaan flioecr jgertnacnstic tion system design 
meen effort to improve iata gualit tity while 
attaining time syncnro 2)5 
secondary objective was <3 Céevalop proce 
assisted data analysis. Lastly tne a 
is to act as asystemns aan 
continuity for future syst2n users. 

Miecne design Of an oc2in floor magnetic data collection 
System, it is necessary t> consider the constraints placed 
upon the system as a result or its functidsa and the 


Seve ronment to which it is subject2i. 
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on 
requirement of the integrated syste 
Buri TY. Mras) 2S, rs sho 


i 
Signals while minimizing, to the axtant possible, systen 
q 


asured. It is well 


2 
= 
(D 


he 
n 

anduced variations in ths signal bei 
e 


known that a magnetic fisii can ba set up by an slectric 
field (aAmpere’s Law). This anutuail interference b¢etween 
system components must 93 avol sible and 


minimized otherwise. To ashiev2 na 
sensors must be isolated nagnet*icaliy as much as possible 
fron the rest cf tae systan. Fecause of the low signal 


Sepencth of the coliectei 1373, some synplificationa musz take 


place at the sensor location «tc allow for transmission by 
nonierrous metallic Sao te = ey remnotely located 
instrumentation subsystem. Further magnetic isolation may be 
Meme ved by utilization a2f a fiber optic data link from the 
BmieceuUMerTctatioOn sphere to the telemetry bouy. Additicnally, 
Mea> surface interrerence is 4 matter of concern. Low 


frequency electromagnetic radiation can penetrate the ocean 
surface for up to sevaral meters with the potential of 
Srennelling down the link a2 O 
Signal bein measured 1f a metallic conductor cable were 
[Meea £O0L dathi transmissisi1. This "antenna effect" can be 
elininated by employment of a fiber optic link. 

Due to space and power limitatiosis, transmission line 
Signal attenuation may b2 322 lmportant consideration in deep 
Peemoca+lOns. Low loss fiber optics san reduce or elininate 


moms CONCernN. 
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The advantace OF fess = O02: fan ks have been 
demonstrated world-wide by experiments! optical wave guide 
Systems. Among the importast features are low transmission 
loss, wide transmission bandwiits., SMSenNSitivity t5 
electromagnetic and radiis frequency interference and 


Surttabilaty for digital comsunisations, and pulse are 


Cie 4 


methods (for amplitude nodulation techniques, LiVSr Opec 
cabie losses are indepeniant of transnission rrequercy) 
age 

Seercal Eipers are attra 
Bllesticienc to carry the iafeormation signal 
BPOLt-Ccircuited by exposure to s2a watérn 
eEends, ereoignh @avenscsd technical expektiss D 
manufacturing have narrow2ed the eso9noric gap bétween lo 
Maul optical fibers and their foreznos*+ competit Dp 
wit2 and cables [ 3}. 

ANY practical desiga altin2zctealy rests upon the 
requirements of the user, ais resourtes and capapilities as 
Meme aS the technology asf the day. Tae major goals have 
Been Stated as that of Signal purity end data quantity. It 
feeepeen Shown, although 229t rigorouslv, that a Fiber opti 
@aca link is a viable alternative to the metallic 
transmission iine in the atnievement or signal purity. The 
improvement of data acquisition tines is gained ¢t 
meatemissS_On of data to shore receiving equipasnt. Data 
acquisition time is thereby limited saly by vower supply 


capacity and tne schedui2 of the deolsying ship. 


oO ry 


As indicated earlier, fiber sis systems are suitable 


9 
hor Gdi:gital and pulse modulation methods of data 
malemiScS.On. Mee acOdieton, mad 


is sichea. There are several Lsa modulation methods 


ae 
J transmission may  0be 
ul 

S Mmemeaguaatacon (PPM), 


8 
p 
available. Among them are pulse po e 
1s2 amplitude modulation 


pulse width moduiation (PN4), pu 
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(PAM), and pulse code modulation (PCH). PCM is the best 
known, and today the most important pulse modulation system. 
Three separate operations are invoived in oroeviding 32 OCH 
Sagnmate The first is to lnterrogate the message signal at 
regularly spaced intervals (sampliinjy). The sscond is to 
approximate the measured amplituds value t65 the nearest 
Beeiatzed voltage referense “level (quanti2z29q) . The third 
Operaticn is ‘to represeit the aporoximatec (quantized) 
amplitude values as a serias of coded pulses. 

In PCM, several puls2=s pér sampl2= are used 10 signify 
the amplitude value, inst3ad of on2 pulse per sample as in 
the cases of PAM, PPM, or PWM. Consegquentiy, PCM syste 


mS 
Bequire é€n increased bandwidth (within the capability of 
Mmepet Optac systems) f0r their tFansnissSion. However, any 

= 


Pie deformations in the haight or iath of tha vulses ar 
Mer2reVant since it is 9 o knev whether the 
pulse is present cr absent in order t9 retrtieve the original 
message. Moreover, =n a PCM transmission, noise is 
nonaccumulative because noisy PCM <¢ignais an easily be 


Cieaned up, when it becomes necessary, by he process of 
fa 


Me@emeracsOn. Thus «he quaiity of 2 PCM transanssion is 
Mependen= On ths sampling, yuantizing, and coving processes, 
Smenot the length nor the noise of th2 trantmiss:on media. 
PeecOntraSt, =h2 PAM, FW, and PPM systems are continuously 
affected by noise and cannot be clean2i up, ox regenerated. 
Mime nOiSe is accumulative andthe longer the distance of 


transmission, the greater will be the noises [4]. 
Pa@2t2onaliy, the desired resolution of tha measured 
ignais may be achieved in a PCM system by Sélection of the 
sampled word length and th2 sampling rate. 
Both the digital and analdg transmission rasthods ar2 


meet Oor to PCH. The loss 9f a bit of digital jiata obscure 


8) 


the value of the sampl2i data. Analog data may be 


18 





ably altered by nolse. PCM, then, 1S perhaps the 


* age s 
mfcs to. TS 


nsmission method for our 29p.ication. 


mo «< 


ideal tr 
This report delineates an ocean Fis0r geonsgneric data 

collection system that employs coil antenna 

cod2 modulation system, fiber optic link, RF dats ank, and 

Fecording equipment. It also details procedures ist decoding 

and digitizing the data as well thos2 for computer ass 


data processing for eventual analysis. 
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Ties rctet DESIS 


fees 2 OULPMENT CON FIGU RATION 


The general arrangement of the Generation Il Systeaa 


components in their deploy2i mode is shown in Figure 2.71. 
1. Data Collection Equipment 


fepeicctrOnal pDlOockmeatagmeam Of the a 
system illustrated in Figurs 2.2 
components: 
1. coil antenna sensors (2) 
Zap Pe2zanvizeters (2| 
3. preconditioners (2) 
&. pulse code modulation syst2a (1) 
See ODc Cal EERARSMNLEE er (7) 
6. optical receiver (1) 
7. vcadio frequency transmitters (1) 
8. radio frequency receiver (1) 
fee ASCs U Mec aeaon ez ape ecard 2 tegis) 
The system components are discissed in the Foclilowin 


subsections: 
@e Sensor Subsyst22 


The sensor subsystem is currently designed wita 
two sensors 2ach consisting of a cdil antenna senso 
preamplifier and a battery power supply hous 

glass sphere with 2 0.404 a2ter inner diameter. The 
© instrumentation suosSystems are intere 
Swerecer long, coaxial cables terniiated at each én 
er connectors and B2natos sph2r2 pe 


the glass walls to the enclosed equipment. 
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Figure 2.1 Diagrag of Deployed G2neration II Systen 
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The 


enclosures. 


sensor spheres are 
The 
mounting assembly with nylon 


(1) 


mounting assembly depicted 


hardhats 


Equipment 


3/4" Fiber-Glass 
Mounting Plates 


—— re ver 


: 
| 
| 
| 


Figure 2.3 


eeand that permits 







— Ee > qe edi eae See a eee 


mounted in HENnthnaos pee ares: 
ame DOI CGweo the <Seueapmest 
bolts. 


ingeecogure 2.3635 Aapaonemetaiiec 


A ee ee Pe ee 


estes MU earn 8 


Free Flooding { 
ABS Structure 


2 ob eee? ae ee aD HP tee eo 8 


Sensor Subsystem Equipmint Mounting Assembly 


ease of leployment and orovidss 


Pwee@eGtUlral SUpperTt and protection fdr the sensor epheres. 
Mae Sensor stand design calls for a light, meee = LOCei ng 
Semaeceure With removabie strap on weights t5 obtain the 
Beaulred negative buoyancy, but still allow for portability 
and ease cf handling in system deploynent. A aon-metallic 
mMateriai is necessary in the stand construction t9 avoid the 
Seescts of induced curr2nts due to electro-chemical 





foteerons at the interiat2 of a natal surfac® and <zhe 


a 
. 


eientrically conductive seawater. Th2 stand is constructed 
Qe aon & weight, high Stbeng:h, 
Aerylonitrile-Butasliene-Styrene (ABS) piping which is well 


suited for this application. The weights are fashioned from 
lengths of ABS piping fill2i with lead, sand and transformer 
oii.The pipes are capped off at eéacth and to provide a water 
Tae eT y non-metaliic, ani compact means of adding the 
necessary negative buoyancy to the stand. 

(2) coll Ant2nne $228s2f Each sensor is 43 
continucusly wound coil antenna manufactured from 5460 turns 
of 18 gauge copper magnet wire by Elna Engineering of Palo 
Peeee, California. The colls waigh 2a9proximately 100 pounds 

ch with dimensions as depicted in Figure 2.4. The average 
erclosed area of each coil is 9.0824 square neters which is 
Getstmined by taking the average of the areas obtained by 
Gemputing the area for both the innar radius and the outer 
radius. The dimensions of the sensor are constrained by the 
gecuzetry of the glass soheres. The sail resistance is 120 


Ohas with a self-inductancs of approxinately 9.31 henries. 


Sposa eer eine Pocamplitiacr seleeted for 
use in the sensor Sphere =3s the moiel 13-10A Ilsdw noise ELF 
amplifier manufactured Ove “DP. ion. BP haces Ss oie sient 

aL 


Memernatzonal. The final stage of 
active low-pass filter with 4 cu 
Sco Llitering is necessary to 
Signals and harmonics du2 ¢t>) tke p n ° 
@ems Ni jar system used for land data acquisition. 
freguencies above 20 Hz dd not panatrate significant 
depths at which the ocean system is operated (5 

2ximate 


The overail voreamplifier gain is approxi 


MeeeneMatic diagram Of the preamplifier circuit is contained 


Sees agure A. 1. PRemyceie anaes l tering Characteristics of 


2u 





~ comes 7m 
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ee 


Figure 2.4 Induction Coil Sensor Dimensions 


4 


the system are illustrated in Appendix C. and are relevant 
@emeene GiScussion concerniazj system tcansfer functions. Tne 
preamplifier is powered by two .75 Ad, W2 Vole, Mezcury 


BactéeériesS mounted in a section of 1 inch PVC. The batrteri 
ace arranged in such a fasnion 2S td 

Seerenus 12 volts and grouai. [he p 
an a@iuminum casé to shi2ld tin €Ei 
Meeimplafler circuitry. The pr2amp 


Smee attached to either sida of the 2z3il 


a 

Smectrical tape. The intecconnectix1s are mad py coaxial 
@eemece Or Cor both the coil input t> the preaaplifier and 
the preamplifier output +> th2 Bentass e¢epherse psnetrators 
while the power supply input is made with a keyed 


M@esc—PLrong Jones connector. 
Power drain on various conponents of the systen 
Xx 


oso Seg2ous Consideration Wit fees yang [> 0m 





Sx-station data collection tims. Heets also desiztabie to 
have the system sealed and made ready for $234 prior <9 
Seansportation +o the ship. Thus, an externally actuated 
hegmer ie activaticn circuit is siiniiititaah Pees solLecurt Showe 
in Figure A.2 employs a normally open teed switch. The ree 
Switch affixed tothe top inside of the glass sphere is 
closed when @ magnet is placed in its ae Paty from outside 
the sphere. The closed circuit bias2s transistor switche 
@@esea cutting crf power £3) We as er eeeut ates. This 


acrangement is advantageous as it allows packaging i 


oe 


- 


advance of the of the deployment dats. Epecmould oe noted 
however, that this circuit does deplete a nominal amourt of 
Rewer: sc final packaging is usually completed one day in 


advance of deployment. 
be. Instrumentation Subsyst2n 


Micef ince 2On of cae strcimentation subsystem is 
+ 


to receive the two analog ou he przamplifiers, 
coniition then to the c2quiremencs of the fellow on 
@eecu.try, multiplex the shanneilized signals, convert then 
Mmeeteanacicg to digital format an ulse code modulate then 
Beer pu: tO the fiber optis déta ilnk 

(1) Equipment Mounting Assembly The equipment 
Pemmtang aessenbly is showa in Figu nstructed of 
aluaninum it supports two Banthos g pheres, housed in 
Benthos hardhat enclosures. One sphers houses the instrumen- 


tation subsystem while the »ther has 2 battery pack to power 


Si@ewOptical transmitter. [n additiso1, the optical trans- 
mittréer assembly is ettach)ed to the vertical ménber of the 
mounting assembly. MpeSt= sadn  ©hcobpora-es quick feleas 


clanps for rapid engagemeit or disanzyagement from the mai 


eemepont line (250 feet of 1 inch polyoropylene line). 
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Begure 2.5 Instrumentatio1i Subsysten Equipment Mounting 
Assembly : 


(2) Signal Conditioner fhe 
recaive the anaicg signa 
parallel fashion, amplifies then 
limits signals with peak anplitude 
fence rcCcu-t is presented in Ficsure 


S u A 
(3) Bulse Coje fodulation (PCM) System The dulse 


Sem@=emMOduiation system chosen f0r 2532 in the ocean firsor 
geéonagnez=ic data collection system is one designed and 
Manafactered by Dr. Robert Lowe, Lowecon iL co. also of 
Seeepp’s Institute of Ocsand graphy, Danwerelaye cali fO°ni a. 
Meewaevyice, schematically illustrat2i in Figure A.4 and A.5 
measures 15 Channel analog input capability and offers the 
ween of Selsc*abls rates »9f 2"sampl2es per second, where on 


Ze 





5°“ 
weal 


may take on integer valu2s of 


Ppuce pons, 
The 


ai? 


the analog 
increased fiv2 fold. 
the coil-x connected 
fee 7, 10,73 «and y 


jumpering 


(2 


systen 
Ole Eut 


Coma: 5) (heals ae 


Channels 


DE inpat 


the channels 


selectei sampling 


Peo, Ag A WEED 
With a 
feeond, <his configuration cesults 
OF 


sampling 


far 


7) 


channels 


rea 
grounded. -amoles per 
10 econd 
abile channe 


mate capability ar=2 


pes 


S 
eaen Coil's siaqnai. ree | 


Muen Gite 


pu 


they provide 
could be 


pressure 


mLctatec, gcowth 


channels lieeeeewo] fOS 3 


fron a sensor for swell 


Or real time clock ave fhe 


Sensor, 2 
option 


with 


includes the 
14 


moma tog-.OrF Jizlia 


MinNoc cL jg) 


chennel a 


chands 
mest connections. 

The PCM system incorpsora 
and associated CMOS intsjrated 
Cras 


Sa Log— 


ail6 chanasl 
CMOS 


cS 


Clocking pulses, 
i Dee 


Eraxvel, =o- 


associated DEO Vage 
@eystal ciock oscillator oo2rating 
KHZ produces a Square wave dutpurt w 
b 


inherent 


Ang 


pel on. 
ene wine 


Samples per 


“1 ehele 
delavs 
the 128 


pin interconnectiohvas, 


provides 


be 
digital-to-analog 


seiected. The clocx pulses 


ct 


Conver 
eyecultry that form the oulse 
4 


— 


S 2 bi-phased pulse coijdei 


Standards by adjustments 19 
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(p 


and P3 respectively. The iata is organized in frames. ach 


Veco) WOE eileen tS LOLt Ore 


U) 


frame is headed by a 
sequentially by the puls2 coded sanples fron C 
through 15. The syne code word is 4 pulse coded iigttai word 
with a decimal vaiue between 9 ani 4096. jwise 
preselected and hardwired 21 the circiit board by 
pemogic h2gh Or icw, as appropriate, to pins a th: 
Meer rougn m. The sync cole word is essential ¢ 
Beosess. Additionally, 2t provid2s pr 2 S 
confusing the land acquired data with that taken fro 
ocean flcor as each sysu<2n has its OWn syne code wer, 
Currently syne code words 3538 ard 2320 are ass9 
the land and sea sites respectively. Syne code word 37155 had 
been used in test and sea floor data coi a 
September runs. The 3155 board also had plus or ni 
range on the A/D converter while all other 
Or @inus 10 volts. 

Gould Gelyte rcechargabl2= batteries (plus and 
Memes 12 Voit and ground) AS Utaclized sor. alii voawer 
requirements within the instrumentation Sphere. The cursent 
Seman ption of the preconiitioner ari the Pt s 


approximately 28 ma. at the 32 sample per second cate. 


The eee © haidaveeact ua ts hag ic =e ere ea VS Seen 
Gemeemiidn GESCribped in section I1-A.1.3.(3} 1s utilized to 
activate the instrumentation sphere saquipnent uDON 


deployment. 
Piewesqiapment LAterconhesccions ars @ell coexiz 
3 


except that the power input is a2a22 with a 


(D 


K 
pronged piug and socket coanector. care must be ta 
ensure the x and y coil output leais are connested to their 
respective PCM inputs. 


Appendix D ax 


7) 
Q 
c 
7) 
wr Ww 


> 
in the PCM system utilized in dog ee -2On Ll Gechagne lz 


da~2 collection system d2sign. 


pee 





CEO Deteal Data Link 


Piewopte cCamedata link 3sligina 
Peeenna GLiect discussed Oriefly in sectlonmerl while intro- 
ducing a variable length saction in the system chat gives 
flexibility for operations at various ispths. Fiber optic 
system design consideratioas as well as an overview on tha 
ffeory and state of fiber  osptic techiology ars Jiscussed in 


Appendix E. 
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Figure 2.6 Simplified ck ees of the Optical Data 
in 


ive. fremont c data tink Sons: Ses of an optical 


Mens tcer anid receiver 2ach nousel inan 2*hnvironmental 


SmemOsure and connected by a fiber 95tic cables (see Figure 
Bohs) OULT ong deplcyment th2 cable is stored on andi dispens 


D 
meetea Ciasctic reel faShioned froa 2 20 inch bicycle ri 


(sé2 figure 2.7 for details). 
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Figure 2.7 Diagram of Can Buoy and Jptic Receiver Assembly 
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ener {Cicer OMe Co 7RSce ve ce The opcical 
transmitter and receiver are the Burr-Brown 37732 and 37138 
respectively. The 3713T and 3713R when conascrsed hy a 
pimeaole tTiher optic cable form 2 25) Kbaud NRZ Elber cptic 
Gata link capable of cperation to 1.7 kilometer. Tne 3713T 
Megs ODLt=-G  tLARSsMicter is an electrical-to-optica. trans- 
ducer designed for digital ‘transmission over single Tiber 


@@eanets, Transmitter circuitry converts TTL laval iavuts to 
optical pulses at data rates from DD t5 2 Kbaud NPZ. 

Bie S7ISR E£tDer Optic FSCelv 
electricai transducer designed for rerte2ption o 
Over Singie fiber channels. The receiver circ 
optical pulses to TTL lev2l outputs wi 
tivity of 15 nW and data rates to 250 Kbau 

An wa MeeGideed “Optical SonneeGror oh  ocoth “he 
3713T and 3713R allows easy interfacing between modules and 

ole 


urce/fiber/sdecse 


} 
at 


Optical fiber without problems of 50 
Oana 37 1 Shep: 


alignment. The metal packajyes of the 3771 royvide 
momimity to siectromagnatic radiation and diracc Tene od 
@eeecuit board loess wien 8 ho Aaggis1Tendal neat sink 


required. 
estos ed DlLOCK ALagEan On the 37737 <rans- 


Memeeer is shown in Figur2> A.5. Tne input stage uses 


cr 


Sem mlt= Trigger Exclusive JR Ga 
MeawlLOog.c 21S configured so the ph 
pin programmable. When tha 


3 
a 

t Ss 

Semrectec to theta-0, the light o 
iS 

1e 

a 


EODIt 2S in) onase weth the 
Migecal input signal. Li? SLO eesoe On wine TTL 2nput is 
heen « Connecting the transmitter phasing terminal to 
theta-180 causes the revers? to happs2: the LzD is on for 4 
Geeta l low. This option is selectable on the scean floor 
geomagnetic data coilection syste tiarough the installation 


n fe) 
@iya Singic pole, double throw switch. The system is 


ae 





operated in the in-phas= mode. The advantage cf “he 


theta-180 mode is it makes Lt possibl2 to detect a preak in 


the fiber cable when the data link is idle. However, an 
m=) PCM Signal does not provid2 2 ztontinuous TTL low ana 
thereby obviates the advantage. Ampizfier At and <t+he 
Seseeent Swicch drive a Light 2mitting diode (LED). The 
Optical power output of the 37132 ‘transmittsr may be 
adjusted by controlling the resistance between che power 
adjust opin and ground. iis Centfows <<ne “8SikK 50° en" 
Mimeceent in the LED. When the resistor iS minitugm the LED 


output ifs maximum and as the resistance iis 

LED output asymptotically aoproaches a2 minimum value. In «the 
océan system the resistor is adjust2i to provide a Zz4 
Millivoilt peak-to-peak recsiver output signal. 


A simplified block diagran of the 3713R receiver 


memesnown iin Figure A./7. Picea ie 1S eseonver. 26 7O1- a 
Meerent Dy the PIN photodisie Cat which is connected in the 
photovoltaic mode for maximum sensitivity. Eo Tow “baas 
Sreeent Felt input currant-to-evcltag2 converter transforns 


the diode current into a voltage {Va) wie chia Ss 
amplified by A2 and presented to comparator A3 as Vb where 
2 


memes compared to the thr2shold voltage Vt. F 
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femse Immunity it is desir2ble to have the th: 
set to a vaiLue corresponiing to 3 Laval half way between the 
higa and low value regardl2ss 39f the actuai light level at 
mie input. Piece S7h5k, = cnvcw i's 20¢COmplisnsqd ob 
f[eeterron alucomatic thresholi circuit. A pulse ci iiqht inpu* 
Samses a VOltage pulse at Vb which is stored in “hi 

Meee threshold cirscwat, iivided i2 halt, and supplied <= 
MmeemcOMpaLator as the“threshold input Vt. Thu Vt 

q 


fe) 
Sy a 

voltage correspondin to the midpoint of the iight and no 
d 


MmreerrcOrai tions of the didsie. Since the automatic threshol 
Cirsuit uses a capacitance hoid tachnique, the threshold 





Geeege Vo is subject to decay when the iight is rencved 
fecm CRI. A no-light condition of approximately 0.35 sécond 
G@iertion (2 1 baud data rats) can ba ased with no s se 
effect on noise immunity. The PCM system presents Gata to 


the optical data link at about 2 5k baud rate andi is there- 


for= within the conditions for naximiz2d noise immunity. The 
@afalog OUtput terminal of the 3713R is the output of the 


dinsar amplifier A1l. The voltage at tails tar 
muemel cO the input power £> thes receiver. a h 
mmerxcelien= diagostic point for testing the Fiber ovotic 
cable. Monitoring the analog dutput terminal _ a 

tive measure of cable loss 2t the transmitted wavelength 
a direct measurement of reseiver sigiaal-to-noise ratio when 


Mme tlahsmitter is off. ia the ocean fioor geomagnetic data 


collection system the modulation insut is taken from the 
optical receiver analog output sinc? the output anpolituda 
Gan be adjusted by varyiay the optical transnitter powar 


eeplugist LeS2iStor. An output Level of 23) to 240 millivolts is 
Meelbazed to ensure RF traismitter nodulation without over- 
feeveng its circuits. 


(2ye ope reeeers Gable Ths f£2bez optic cable is 


Meseribed in detail in appendix &. Dieeeupes wees - 63.5 
micrometer radius, low nolsé¢, Gece -d es 1aex, NU: TNOd =. 
Pee S=rand oftical fiber ciaid=d and sheathed with 
Seong th members as tiUSt eet = 4 in Figure Bee « 
Approximately 390 feet of type 5053 sable is stored on the 
storage reel shown in Figire US 2a le) a el 3 ee, 


Gees Tlexibility in syst2n operating depths as 11 other 
system parameters are fix2i. rhe cidle is affixed to tha 
polypropyiene line with sisctrical tape at about ten foot 
intervals witn scme siack t Iver eS Serena ind ty ee 


main support line. The e eaop= 2S thest ened in such a 
i 


IL 
Meeeas <O provide 4 tab taat 3ids in guick zssndval during 


recovery. 
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(Comeau p ema S Phe ccupliag system ultilized is 


4 


Mme AMP Optimate Single Position Fiber Jptic Cable Connector 


System. Since AMP connectors were not available with 
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Soke Crimp Ring 
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Figure 2.8 Fiber Optic Cable Connector Assembly 


parameters compatible with the Fiber »xotic cab 
Beeecne system's optical iata link, the fibe 
Was given an additional jasket of haat shrink ¢ 
Meets shrank <cubing builis up the outside a 

cable to near that of the inside meter of th2 connector 
Semonewn 2n Figuee2.8. Th2 optic cable is allowad to extend 


epert 1/16 inch mao (eeas. Eaeo Gr tas  “Onnectoc. The cable 


= = 


iS 
n 

and the heat shrink tubing is bonded £5 the connector shaft 
h 


S tetaining cap is 


= 


myo few drops of cyanoacrylate glue. T 


Bie) 





Peetecd ita Position above the ferrule by the crimp ring 
memarreds1/16 inch behind tas cap. fTh2 polishing bushing is 
placed cver the connector and securely mated *9 
retaining cap. The polishing is acconplished by applying a 
figure eight motim to the fiber against various grit abra- 


sive paper while it is subn2arged undi2c a nalf inch of water 


A9X 9 inch aluminum baking pan is very suitable for the 
procedure. BOL chara 25 accompiishsd wS2ng 5 grades of 
Pmmeecon Ccaetbide finishing daper; 320,400,600,3 nicron, 0.3 
[meron in that order. Ths polishing is completed when thea 
Surrace of the polishing bishing immeiilately surrounding the 


ferrule is polished to 3 glossy finish. ive) polish: 


pe 
W 


bushing should not be reus3i. 

The AMP connestors Lrenove concern of ovtica 

pow2r losses due to lateral misalignment, angular misalign- 
ment, ernG separation and end praparation quality. 

(4) EnVasommeascal Enclosure The optic erers- 

mMitcer and receiver are 2ach houss in an 2avirzcnmental 

cea 


enclosure that maintains w2ts¢ 


ty 
' 
ct 
pe- 
WQ 
+o FF 
q 
}- 
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t 
emueLronment. Miemeenectosaure =liustrated in Figure 
iiceactured from 6 inch 1.0. PVC dios. One end of th 
and its associated end cap are machi1edi +o a true ro 
near to initial dimensions as possibl:s. YS. Cain, £262 Sh sc 
dim2nsiorns are : 

PVC PIPE ioe. 0l0 = MOS0G J einen ss 

0. De Sno 0 ee Oe 003 2anches 
PYC END CAP I.0D. Sono Oe 5 Laches 


An "O'"=ring groove is machined to 0.933 inches id32p by 0.160 
cnches wice located 0.75 inches fron the machined end of the 
Pee O CON=OrmM With a 6.25 X 1/8 inch "O"-ring. [he pipe is 
Beamer O=cea with rings made »9f 9.75 iach sheet PVS mat 

Messe Tings are slotted 3.25 inch below ring center ¢t 


O 
Pee SUPPOLt fOr the optical transmitter or receiver circuit 





boards. The machined eni cap is Fitted with two Brantner 
comnectors and 2 vent plug. The oppdsite end cap is fitted 
with the fiber cptic through-hull penetrator. Ail these 
fittings are aquipped wita an "O"-riig seal. The end cap 
Supporting the fiber optic through-hull penetratoc is bonded 
to the unmachined end of tha pipe with PVC cement. The fiber 
optic cable is passed throagh the perastrator and initially 
fastened with cyanoacrylat2 glus. A final treatment of 
DEVOON S-minute epoxy serves +t9 secure the cable/penetrator 
interface. 

The fiber outside the pztnatrator is protected 


from bending stresses by application 9f€ three layers of heat 


" 


hrink tubing that extend into the paaatrator. Each layer of 


ubing is longer in length than th2 preceding 2ne so “that 


ct 


mm@emcaple fisxibility increases as 4 function of distanc 
from the penetrator. Piveoaimdesa Iie escS Piaicated the 
weakest point in the optical link was the point at which th 
cable entered the penetrator. Tests subsequent td the appli- 
@emen Of che tubing indicated this 39int to be one of the 
Seronges. 
(5) Battery Pow2r Supplies T 
2 


is powered by a 6 volt, 8. 


oF | 
Ne 
= 0 
ry 
(D 
3 QQ ff 
wr 
eu 
ry 
m wi 
(D 


[ieee y COnLigured with a 100 ohm s 


(vp 


This battery is housed ina 3enthos g 
with the instrumentation sphere in the 
assembly discussed in II.A.1.b.(1). 

The optic fcessiver power supply is a Gould 
meee e (+ 12, — 12 VOlt ani ground) battery pack mounted in 


Mmewcan buoy. The battery pack is rated for 18 AH. 
aeeecan 3 uo 


hace Canes Duoy, D2liustrated, ain oOlUEs- 26 1, 


c 
provides 71 pounds of positive buoyancy (this is inclusive 


3 fi 
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of battery weight) to thea system. It sontains a Sould Gelyts 
Gecnargabie (+ 12, - 12 volt and ground) battery pack that 
powers the optic receiver. The powar is delivered through a 
three conductor cable equipped with Brantner connectors. Tha 
can buoy is fitted with ajiitional Brantner connectors for 
data transmission in and o1t to the spar buoy. 

The axie of the fiber optic storage reel is 
mounted in the center of the can buoy cover containing the 
eieccrical connectors. Paa Opposite cover is fitted wit 
quick release clamps which are usad to secure the buoy to 


the main support line. 
e. Telemetry Spar Buoy 


(1) Descriptizn The spar buoy dasigned and 

@emsceuccted by Dr. M.~E.ThOmas, Applied Physics Laboratory, 

Johns Hopkins University and LI. P.4. Rutherford, Nevali 

Posegqraduate School [5], mondoprereiatn Paguee 2.10. The 

Spee OUCY 21S partitioned into saveral-sictions as foilows: 
(a) Transmitter Power Supply/Lead Ballast 

Including the dampening plate, this is 

[meme ccoOm two feet Of the NPS spar busy. It is constructed 

Memoeench PVC tubing. This section co1tains “shree 6 

AH lead acid batteries, Welch OLOVes =) pOWer <a th 

Meeeeer, plus ninety pounis of leai weights. Watebe slg he 

integrity is maintained by a 3/4 inzh thick PVD op 

A tee 


pow2r leads from the batteries ars solderei to a4 odin 
= 


fae O'=-rings to ald in pressure sealing (Figure 2.1 
assembly permanently housed in the olug. The transmitte 
receives power through 2 cable whita attaches to the pin 
assembly in the olug by way of a Br 
Si=#o coupling adjoining the potton an 

sections is permanently adherei to tie bottom section with 


PVC cement. 


Bie, 





(b) Free-FPlooding Section 

The pucdose of th2 free flooding section 
is primarily to enhance the separation of the center of 
PiYevancy (cb) and the canter of gravity (cg). This section 
Memetovsctructed Of a 5 f90t length of 56 inch™PYI pipe. A 
series of holes are drilled towaris the bottom of the 
section tc act as flood ports. Holes at the top are vents. 
The power cable from the batteries t> the transmitter tra- 
verses this secticn. 

(c) Maddie section 

Thae section Ls composed of three 
Ssub-units, the lowest portion housinjy the transnitter. The 
meamsomilctter Utilized 2s taken from a P3C Orion sonobuoy 
systen. It has a power output of on? watt and Sperates in 
Mranne! 29 at a frequency of 171.65 MHz. Its watertight 
ic=Cuuseye 1S Maintained 5y a PVC plug identical to that 
ketween the lower and fr22 flooding sections. The power 
Gable leading from the bottom plug i353 attached t> this plug 
With a Brantner connector. Precautionary measures that are 
@eomoe takeneduring this portion of the assembly wili be 


Giscussed in the next sesti Sd stan opemeadt: Oh and 


YY O 
4 | 
(D 
tJ 
a 
[2 


l 
ass2mbly. Just above the transmitter adusing is the buoyancy 
Semler Shown in Figure 2.12. fhe collar provides the spar 
Euoy with an additional sighty pounds of positive buoyancy, 
again ennancing further s2paration of the ch and cq. The 
Memtining portion o£ the niddle= séestion is composed of thea 
n 


fear ke Mast which houses the tra 


O 


Sleeneng GCabie leading t 
rege 


Bieman-~enna. This middle mast is reinforced by 1/2 inch and 
feeeech PYC tubing. The IAC noche Sec cLoOns re each 
individually sealed. The 1 inch section serves 2 channel 


Meme enhe transmitting cable. This s2a2ztio 
a 


Peering and adhesive. The antenna cs 


s a 

led using a 

Bes = 1eOough 
P 


a 
the center and the hole is nade water tight with application 


Of silicon based rubber se2zlarc. 
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Figure 2. 10 Illustration of the [slemetry Spar Buoy 
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(d) Upper Mast/Antenna 
The remaining portion of ths telemetry 
Mme yrcedw=61s OF an GCz:ght foot secticn of 1/2 inch PVC 
tubing. It houses the ramaining Length of the transmission 
D S capped by the transnitting antenna which 


utilizes a reflecting ground plane waich is at 150 degrees 
1s 


Transportatica/Assenbly The spar buoy is 
feee 2snstences. This method of transportation reguires that 
the spar buoy be easily broken down into Lengths that ars 
Bemoacutole With the Length of the piccup bed. Ths following 
Subsections discuss the procedures f5r the assembly of each 
affected section and the pracautions required. 
(a) Power/Ballast and Free Flooding Sections 
Place the lead ballast in the bottom 
Meee or pricr to inserting the batteries. Ensure that the 
MOW-rings are sutficiently coated with a thin film of high 
vacuum grease. FYnsert plug so th2t it snuggly fits below the 
Meecea tevei. CAUIZON: prior to coniecting the power cable 
wie. tO tne Slides Choire thee the  andentatzon in the 
Beemer er piug is lined up with its counterpart on the jack. 
re Go so could iamage the transmitter by reversing 
BiempOlearitcy. Next slip tha ‘free Flooding section into the 
poant. mee GOles that allow flooding are t9 be at the 
nsure that the narks on both slip joint and fres 


Meeod Section are aligned. Bolt the free flo01 secticn in 


place. 
(b) Free Flooding and Middie Section 
P= Ob Se OungOolnny pchese two secticns, 
insert the transmitter 3assemoly. Peer Sic, Sounsc.. Las 


transmission cable then slide the traasmitter in place again 


ensuring a snug fit and prooer placement of the plug in lines 


4 3 
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Peet ne sauterioz markings. CAUIION: it is i Seant tc heye 


mpo 
a5) ohm dummy load on the transmitter at this point of 


assenbiy since it is being power2i without the antenna 


(c) Middle Section to Upper Mast/Antenna 
This portion of thé spar budy is to be 
olted in place while the cemaining 2°ortion is hanging over 
the side of the ship hoisted up by th? Acania'ts on board 
Seen]. Ensure that the transmission cable is connected orior 
to upper mast attachment. 


(3) Deployment/R ecovery/Disass2mbly All sections 


8 

of the spar buoy shall b2 assembled ab Ree Acania wie 
Pecetpci10On Of the upper mast prior t5 isp Wea ttceach =ne 
crané line approximately five feet up f 
On the spar buoy. Once lLow2red over ¢ de, the ouoy can 
be tempceraerily secured to the ship's caliiing ani lowera2d an 
additional amount to enabl2 attachmerit of the upper mast. 
Tne bueey is next lowered into the water 
Sid until the rest of the System comoonen de 

Recovery and disassembly is accoanplis 

u 


following the reverse of tn2 above procedure. 
Eee RSCClVing Station syuioment 


Mion eceowme ng Statlon 2g01pNeht ConScsts of an 
AN/JARR-524a radio receiving set, an Hd? 3964A instrumentation 
tape recorder and two dual trase oscilloscopes. AN/PRC 77 
radio séts serve as a volce communications link. The squip- 
ment arrangement is as shown in Figuré2 2.13. The antennas 
used in conjuction with tha telametzry link are double, tuned 
YAGI type. 
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III. DATA PROCESSING 
Currently the data is processed ¢t)5 develop various data 
plots generated on the Naval Postgraduate School's IBM 3033 
GCOMDUter. PEnOrmee., thee ACtUams Jeteracion of the. plots 
however, the PCM encoded iata whith was stored on analog 
Memenut.12Zing the equipment described in section II.aA.1.f. 
(receiving station equipment) must b2 decoded, digitalized, 


and transcribed onto digital tape. 


A. HARDWARE 
ee EC} 


Several electronic components are utilized to dacode 
the PCM data to discrete analog forn and then to digital 
Seeaewhich is ultimatily stored on 9 track digital tape. This 
data processing system is 3s210wn schematically in 
Mmets-2ret:ng data tlow and» control Links. Gentine) “COR sro) 
Seeechis process is accomplished with a Hewlett Packard 
Pesoh Computer utilizing an o2peratose interactive progran 
meeeed "PCH PROG". After execution of the progran, ~he 
cCompucter requests entry of specific fanction control pazrame- 
ters into the computer and other equipment. Thess inputs are 
memeeroOu@entmol Synchronizitwon of 2gilpment start, digital 
tape drive speed, decode rate, decode time, and synchroniza- 
tion code word entry intd the decodar. The PCM ancoded data 
is ted into the system from the JP 3964A 4 cshannel tape 
Mmieesaet Previously used t> store the data. Utilization of 4 
different recorder may introduce nois2 due to a differenc 
in head alignment and drive speeds. Susth noise dasreases che 

Z O 


Pee l—=TO-nNOoise Fratio up22 which iecode synshroni 


a7 





fomonds. | should decode syhchronization not occur, a lewer 
analog tape drive speed ani sampl2 rate must be selected, 
resulting in longer processing tim:. The decoding of «he 
PCM encoded data is accomplished with a Marin2 Profiles, 
mares Model 319 PCH gdeso4%5. Wooo nsan se AM-6419/70SN-368 
oscilloscopes are used to ijiisplay th2 PCM encoded data and 
the discrete analog data. The discrete analog data is 
prosessed by the computer t> develop the digital data which 


memeecorded on 6250 boiv12)0 Ft. 9 track digital storage 























tap2. A Kennedy Model 3989) digital recorder and computer 
interface are employed for that purpose. 
a ==> a eS = 
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Figure 3.1 Decoding System Data Flow and Control 
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ae Decoding Prozejure 


The following steps illustrate the procedure for 
decoding the PCM encoded raw data ints digitalized data and 
mremeolacing it onto a 9 Ecack digital tape which can ther 


be delivered to the IBM 3033 computar for data processing. 

1. Disconnect the coaxial cabie labled number 7 
from the output of the HP 3968A tape cecorder located in the 
equipment rack adjacent to the AP 98435A computer. 

2 Conmect (eabe 7 ants ~the ouctpuce channel 
desired for decoding of the HP 3954A 4 channel tape 
need er. 

3. Energize the HP 3964A tape recorier, the two 
Monsanto AM-6419/USM-368 oscillodsopes, the Kennedy interfacs 
and AANDERAA tape transf2ar interfac2, the mnoi2el 319 PCcx 
decoder, and the HP 9845A conputer (the ON/OFF switch is 
Gocated on the right hand side). Als>, on the PIM moadsl 37 
Meeocger place the fan togyle switch in the UP position and 
meme y~UCJOPY togcle switch to the Az position. 

ie Ple€eemineo the right hind side ¢ 
eemar JOCU5A computer the optcgqranm naned "PCM PRIG". 

Sewoletemer ts ataloy taps onto che a 
recorder. 

6. On the HP 9345A conpiter, type the command 
eee tt" and press SXECUTE to initiats processing. 

Peeommrmemr eM 2ececojicrp place the followong func- 
tions to the listed positions: 

SCUeses. =" 4 

SAMPL2 RATE - 64 (for 3 3/4 recordar speed) 
=Sizem(toee/I/Z tecorier speed) 

DAVY EXT /NORMAL = NORMAL 

OUP EWwi7sauP Le RATE = 3g 

Peeenno/P REE = INFINITY 

Svere SODE = 070 
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8. Press RUN on the computer, ignore “enter y to 
Beep cape inie! {displayed on the computer's CRI), and press 
CONTINUE. 

: 9. The comput2sr now indicates “load tape" into 
mye Kenneacy unit.and "put on lines". f5 do this 2nergize the 
Kennedy urit, load the tap? according t9 the diajram located 
On the inside of the unit's door, press the LOAD button and 
the ON-LINE button located on the front on the Kannedy unit. 

Hix The comoater now indicates “enter syne 
m@ege". Type irto the computer 3658 xf 3155 as appropriate 
for the sea svstem or 2629 for the land sit® system and 
press CONTINUE, 

11. Entez transfer tima in minutes and seconds 
mimes the computer. Exampl2 20 minutes and 20 seconds would 
Memeoyoed =n as 20,20. Arter this is i9ne press CONTINUE. 

Wee sriaci= che os 1Ol SWicc on the PCM unit and 
push CONTINUE on the compute2r. 

W3e usa the START switch sa the PCM unit simu 
tan2ousiy with the PLAY button on the Hewlett Packard taps 


recorder. 


14. Tf data transfer must be ended early, push 
mtemkO button on the computer to halt data transfer. 1g 
this cption is elected taen T nust be sntared on <the 
computer following the KO tommand to write end sf tape to 
the tape. 

Nes id Oraeaun' "Wilts be indicazed “on the 
computer CRT. At this time deenergiz> all the eguipment an 


Mesconnect cable 7 from the 4 chanaal tape rasorder 
Meeomnect it to the 8 chaaael tape resorder locat 
equipment rack. 

TO. eee y, remove th2 yellow ring from the 
digitai tape to ensure that the tape is not inadvertently 


Over written. 


519 





The data is read from the digital tape into the IBM 
8033 computer via software levelopei by Ledr. J. Fisher of 
the Naval Postgraduate School. The data is unpacked (placed 
ints a format where it can easily b2 accessed and manipu- 
lated) and converted into 2 spactrun of frequencies using 2 
Fast Fourier TIransform routine. This data is then plotted 


using a peripheral Versate> plotter for spectral display. 


bee SOFTWARE 


The programs are writtan in the FOIRTRAN IVY programming 


language and are briefly discussed below. 
1, Test Progras 


The test program shown in Appsndix F was developed 
to)6vtest «the)6«6ccomputer manipulation against known data t9 
ensure the resulting plots would mast expectations. With the 
exception cf the internally generat2i i1ata, +th2 program is 
ess@ntially the seme as th2 Main Progran shown in Appendix H 


and explained in paracraph 3 below. 
2. Mass Storage Progran 


The digital data tases are anlabled with jiata organ- 
Meeagein 16 word frames, ‘tna first word of which is the syne 
fede, tOllcwed by 15 data words. The jdata words ar2 organized 
Mumee X yV,Zy-++- « Since the sta system has only two sensor 
Meers dt this writting, ths z data is zero. The land system 
Meet haS actual values for «,y, and z The data from both a 
land and sea data tape is aitersd int> the IBM 3033 conputer 
MaSS Storage system (MSS) utilizing the mass storage vorogran 
Syownm in Appendix G. Currceatly only ta2 x and y coil data is 
Bead into MSS where it is 2vailabls for access by the Main 
Program. 


a 





The Main Program utilizes th2 x and y coil inputs 
from simultaneous land and sea data t> develop various plots 
for comparision and analysis. The Main Prograa el 12Zes 4 
Mapge number of arrays with the intention of maintaining 
Meme bit Of Original data or calculation, ready for recall 
at any time for futher conoutation. Equivalent arrays are 
employed because the plotting routin®? is not able to handle 
complex arrays. Ocean arrays are iniicated with the suffix 
Meeand land arrays with tha suffix 'L*. By successive calls 
orf "SUBROUTINE RD", an array of the x data and y data called 
ocx (1) and yyy({I) respectively is 2stablished. One such 
meeay is Called a biock of jata. The iata words in the array 
are integer values between 2048 and 4996. 

Arter a block of data is entered, the integer values 

re converted to complex values of voitage as seen at che 

MeeeerOr 8 «2tke POM poard between -1)9.) and +19.90 volts for 

Seeerems Utilizing PCM boards with syne codes sf 2620 and 

Mea. Trot systems utilizing sync coie 3155 the voltages vary 

Mmepeeen —->.0 and +5.0 voits. The «xx and yyy 2rtays vtvepre- 
n 


Mu@emeoe-2 taken from the x and the y coils respectively 


so 


da 
Mesouct application of the system traasfer functions. 
The voltage values {which 


= 


vary over time) are tran 


iN 


memmed 2nhnto the frequency idmain by utilizing «he subroutine 
meounT™ which performs 2 Fast Fouriarc -fransforn (FRED). Lt 
utilizes the Cooley-Tukey FFT algoritan. 

This section of the progran applies the systen 

er functions to the data that has been transformed 

Meee -ne ([requency domain. The discussion of ths origin of 

PV merdmerkons 1S Jiven 2n Aspéendix C. The actual 

Seo eeunet on Of Lzequensy. [hey can 

Pwocutegea | by SSthaljhe lane segments for 
n 


cy ranges. These lint séegqments are 


SZ 





enerated by least SquareS approximation. The data enterin 
this section enters with units of voltage and is converted 
into unztts of nano-Teslas by the transfer functions. 

The previously mentioned sections of the program are 
emb2dced within ado-loop which allows the analysis of a 
long period of data consisting of a number (NR) of blocks. 
The Ith ¢lement of each block is taan multiplied by its 
Sovptek conjugate, averaged and converted to. power 
(nano: Tesia squared) and stored. Jnce the pregram has 
passed through the averaging loop for the last time it has 
comouted the arithmetic average for s2ach frequency point in 
*he arrays. 


The next section of the program calculates the 
O 


(p 


Becx¢S parameters 0 through 3 of tas individual sit 
Memes Components and the cdherence of the planar circular 
polarizatioi parameters between SLt2 components. The 


- 


remainae:r of the program s2tS up the parameters and titles 


mor =n 


iD 


Dace Ss. 
A more detailed dessription of these vrograms may be 


POunc “in Reterence {6}. 
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uV. EXPERIMENTAL RESULTS 


Me DATA BUaLITY 


Test data points were jieveloped by applying a 5.0 volt 
Gea@ketO-ptak Sinusoidal input of 1,5,19, and 15 Hz to the 
PCM board. Tse data was sampled, PIM encoded, transmitted, 
received, tarred, decoded, idligitalizei, and transcribed. A 
computer assisted voltage vs. time plot of th2 1.0 Hz data 
resulted in a 1.0 Hz Sinusdidal signal. A piot of the trans- 
Memeo: <he 5.0 volt, 5.0 Hz signal resulted in an impulse 
Meee 2On at 5.0 Hz. These resul 


te 
uncticns as designsi from the 


ty 


svsten Gi Lepue ChEougn 


P h 
Maca Processitg with the exception of the application of the 
m n 


° 
wecem CLeansts== *unctions. The system transter functions 

Mh “exS into uccount ths amplification of the preampli- 
@c and sior21 conditionacs as well as ‘the transformation. 


200 YCi7~S ~Oo nano-Teslas) are described in Appendix Cc. 


See DATA QUANTITY 


FOlLLew¥ing data acquisition oariod resulted in the 
indicated sinultaneous lani/sea data from 
and Monterey Bay: 

ee ae tO 2245 PM, 25 Jaly i982 

Pere cae Ty AU. «61962 £o° 99310 AM, 18 Aug. 1982 

Pee oe ne 16 S205 1982 €5 09258 AM, 17 Sep. 1982 
This represents 50 hours anri 39 minutes of accunulated data 
-. imsece COllection runs. 

Sections A and B abova illustrcat2= achievenent of the 

Stated goai to develop a data acquisition system with a 
Capability to gather simultanesus land/sea data with high 


Meaty in great quantity. 
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Bee cGis OF PROCESSED ALTUAL DATA 


Meme asx 1. CORS25c¢S 3£ 2 number of actual data plots. [It 

Bs 20% the intent here td analyze these? plots but, to merely 
e progress of the Naval Postgraduate School's 
Geonagnetic R azon ~ Team =ffort. ON-GeOe8ngwoEK in date 
analysis includes power spacstral density, cohereace, correl- 


Weeeo;n and Girectinsality studisas. 


S15, 





Pee CONCLUSTONS 


The Generation II systen designed for this research was 


n 

successfully empicyed in the continuing effort of geomag- 
Meemee cate coliection with the sp2acific task of recording 
Guality simultanecus ianid/sea lata with increased quantity 
over its predecessor systenus. The data collected with this 
System wae only limited by power supply capacity and by the 
schedule cf the Research Vesse.. Acaii:3. 


fee RoCOMMNENDATIONS 


A better means cf poSsitionin the sensors on the 
seafloor still cramains a problem. Ths ability t3 accurately 


GQiie> Neatton will become critical 


fu 
Qu 
iD 
ct 
wo 
Qf 
¥7) 
4) 
ba 
UG 
9 
ba 


Mest< On ar 
Meme ure data acguisitioa and comps1en*= field correlation 
Sxperiments. The exact orientation nathod to use will be 
Meectly related to the acj2isition system chosen for futurs 
measurements. A fivwx g2ta magnetoneter may possibly he 
employed =o ind: Veotmeor  ctoaat«enis coll] sensor 
assembly to the 
Although, ‘the eam ani the ship's crew wera 
well versed in the systen's configuration and deploynent 
techniques, the deploymen = time averag2d about 43 minutes as 
mee sule Of che system's s1zZ¢ and complexity. Furthermore, 
Gepioymen= could only be? iccomplish2d in calm seas at a2 
Maximum depth of 200 feat. To alleviate these problems the 
design of a generation III system is recommended. The de 
Smeutad include size reduction and syst2m simplification. The 


= 8 


memedasicaetion may be acshiaved by toncentration of several 


n 
gen2ration IIIf components into 3a single package. 
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Additional probiems %t9 oO 2 in future systems are 


n 

the lack of robvpustness 9o Spar buoy and fiber optic 
systems. The antenna ground plane elements whare manufac- 
tur2ed from aluminum and ocassicnally fractured under stress 
during transportation or d2zplovment. Future systems should 
utilize stainless steel elanents. fh spar buoy sank on ons 
See2si10n due *t9 cOfMMPressiscon of th2 duoyancy collar during 


fe) 
heavy seas. PicmotOvermcy wecOlie= sno21d be teplacea by 


ie 


noncompressable floatation 


= 


devises: Dinar ecaoyery, +he 
fib2r optic cable was crusned o: an] —s66asson sod kinked or 


oi n 
meeener,. This precblem may be correct2i by utzlizing a fiber 
Optic cabie that is jackst2i with a h2avy rubber sheath. 

A final recommendation is to tncsorporat? a pressure 
sensor to measure surface and internal wave activity. This 
additionai information wiil ailow ths analyst to determine 


Mm@encOnctribution by waves t> ths jJeomiagneatic datz. 


a7 





Meee EQULPMENT SCHEMATICS 


Bae C€equipment wutilizsi in this opr 


ce 8 


designed and/or construst3i, comnarcsia 
available through military channels andl 
The system equipment sch2matics Ae See re 
Boulowing £lgures: 

1. Preamplifier (Figura A. 1} 

Meenagnetic AGtiVation Sircuit (Figure A.2) 

See re—-alip and PEM Presanditionsr {Figure A. 3) 

4. Pulse Code Modulation System (Fiyure aA.4&, A.5) 

[Ope cal Transmittene (figure 4.54 


Se Optical Receiver (Figure A.7) 
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Preamplifier Schematic 


Figure A.1 
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Figure A. 3 Pre~anp. and PCM Preconditioner 
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-QGUZ2MENT PREPARATION 


{2 
U 
tty 
(PD 
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Mie OLGer for €Equipment to perform an 


4 
(D 


designed, certain preventive maéinten2ice measures and proce- 


Gural steps should fe taken. Such prudent steps, especially 
S 


2n undersea research, Win Leetors te srtainly allow maxinun 
results and oprelonrgd equipment iife. 


Z serves 25 a tialmination of lessons- 


Ss 
Use ndroneegOLhy Peojsesct work: 
J 


Hike Scherical glass Lastrument spheres are composed of 
two senzthos aglass h2nispheres which have precision 


S 
Beounmd Paz pcg sure2c3s5. AS these surfaces are susép- 
CG 


Mery Of tae housing odrior to deploymert, 


Bet aaaePeOcCes: res 1r> necessary £9 maintein water~iight 
is 


@. The gd.ass sohere shouli be dry and warmed to 


tamperature using 2 heat gun to ansure adhe- 


| 
oO 
C) 
a] 
ct 


sion of *+he sealing tape 


Pee Noe Ma<andg surfaces “must be cleaned with a 
sOumens |) Such 25 alcohol to fr 


Maeeeegaw c= Case, 20 O11. 


eee =o et OGuses Jing the sph=te, careful inspection 
of ali 2aquipment, electrical connections, and 
cking material ould be nade. The use of check 


POurG to De parEti~ 


S 
DPoemwertos =Pror. 
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Miect=onts Poilsawent= A general concern is the 


proper application cf power supply voltages. Assembly 
one large number of 2lectrical components within the 
contines of asmail agizss sphere, necessitates careful 
planning and utilization sf Llinited power resources. 
Improperly applied voltag2s may result in damage to 
PEEeCtT >On TC Cireuetcy semm/or toss of data. Cartain 
pieces of electronic equipment require particular 


O 
@.e Sensor systenm- After th? sensor colis, preamp- 
sa S 


.d th2ir battery power suppliss ars 
e 


seale 10 respectiv2 spheres, a voltage 
measurement shouid de taken tc ensures operation 
and then the deactivation nmagnet positioned over 
Pima“ GME w too sueGm that the voltage drops —££0 
ees 

ae PCM Systea~- Ex#coa cars should be taken <0 
Smo ommte <= etle 2S Connected to the x-=input 
Sie eee mse OLSSCOMGLELINSr/anpilEier and its 
MoclcoWemy= CoOmlsecrtea =O EhSs x—-mrput channel of 
eee PEO sySueu. Ths same holds for the y and z 
Ghanne vs. Wea aoe ae tess SecOnn=stione will 
result in ths wrong EEANSLeCE “LUnSe LON being 
Soo WN CecOmme te tata Jieragg the computer assisted 
Gata sznalysis. fa¢ procedures identified for the 
Sensor system arsove, heli 2S weii for the PCM 


Cc. Tape recorder- The recorder heads and capstan 


fu WF 


drive should be cleaned aad demagnetized beforsa 

Pocimacwuens <LOmmt Una entS 2stion will snhance the 

Signai to noise catid and maximize the decoding 
5 


Speed. High quality 1360 fot tapes are 
recommended. - 
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do PW ber coti:c Wate link- Before packaging the 
fiber optic dac2 link enclosure, a system check 


should be run to) determine that the output is 


200-240mv. Before connecting the power cables care 
should be taken s ensure the transnitter power 
lead has the ground on tha pin marked wit 3 


Ga mnple Sepeeene SOnnGetsmeeciaing. The dinole should 


connectcr mountel i2y the on 


g 

be aligned with the indanctc on the female power 
JG Of bmie <trans- 
a 


mitter enclosure. Similar steps should be taken 
PRoWicndiiGamrC Cet dant  —<Lbut. wrhas concern isn’t 
necessary with the reseliver power input as it is 2 


keyed ccnnector. Once » connections are made 
l 


=h 
remove «he activating magnat from the PCM sphere 
aad Gee mviemon= 2422 Pe Signsi On an 2Scillosope. 
Adjust che transnitterc power adiust ootentiometer 
00-2) av is observed. See tne 


J 


Seo een 20 one O=degzres 


(Dv 
WQ 
| i) 
(us 
cp 
‘.) 
oe 
a) 

0) 
(D 


een ee tebe ste Does Tollows: 


lSeang GloOves ang 


2) Panny memories rs 9 "Ol=re ngs and pipe 
mating surface between "D9"ering and pipe end 
with vacuum grease. 


By OPen Vette ols 


uQ 


Sead sen ity Slide -end caps 

Cmesoee eee ote@ele= saSttming the electrical 
eee en or TON: Gereeshould~ be 

earcheplete tots the Ciber optic cable. 


wires are sle 


Pies OCt eos NOSUESS ShOULd be secu 
dispensing r2el as shown in Figur2 8.2 and 


eens pesvucd 2S a SebaricS componzat. 





atteries 3z¢ used for most power 


“ 
© 


Bee BHatteries- Gel 
te ad 
=~ 


b 
Rose bstesr22 


requitements. Speooudd be checked prior 
to system usage and 3 systematic approatha rtedaarding 
service use and charging iaterval should be teken. The 


mercury batteries usei in the 
Somecan=s Power SOUrSS  ‘throughous thelr recom 
Hace, but should be reolaced at 


*o ensure successful system operation. 


4“. Connactor/Cables - Before ati after each use in 3 

4 ecrors shoulda be 
MroLOughiy cleaned t9 2xtend s#evice life. All rubber 
Bemmeccors should be Lightiy lLubticatéed with silicon 
Meeese =O eEnNSUte Slestrisai continusty and prévenc 
Seer epaslsieme iife Se OL Solor coding 39 cable and 
Sernectors lessen “he os timely Of eEfror and is 


highiy recommended. 


fest ol cM DEPLOY MENT/RECOVE RY 


Or the scheduleq day of syS tem ca2ploymenc, the previ- 
OuUSly prepared system components ire taken to the Montersy 
Meyecoast Guard Plier by pick up tzruck wnere they are on 
Meeaocd tO tre R/V Acarnia. The on load is eccompiished with 


. =< bal : de = —_™= ~*~ 
tw ani te On—- 054 5G. ere 


i 
(D 


assistance of the Ship's cre 

Mmeamse 5.1 shows the shipboard layous sf System components 

jees AAS Proven to oe the ADS 
cd 


Meee in the figuze is the fiber ocptizs iata link and storage 
Y 


Meee lt 2S tameorarily stored in t1h2 att deck house with 
Meomancetrconnecting electrical scabies. 

Mee cClilowing steps are taken *35 facilitate final prepa- 
Teaticon and deployment. Th numbers in parenthesis refer to 
the numbered items in Figurs2 B.1. 
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Seep ete) The “Crew pisses the main support line ({1) 
through the A-frame boon biock t5 the winch on top of the 
mee deck house. The Jine is reel22i on to tha winch drun 
allowing enough slack so the line nay easily be run down the 
Mere Side of the ship out of the way 322 the foll3w on opera- 
mens, The other end is secured t9 the sensor system (2) 
harness by means of a bowline. 

Beep 2: The spar buoy is assanol2ed startin: 
Sewer Supply section (6) 342d the O 
Mere interconnecting cable (11) is connected t 
tacle in the power suppiy s¢ection's water sigh: plug and 
passed through tne free Flooding section. Remove six 1/4-20 
Serews from the freefloodiiig section. Align the mating index 
Marks on each section ani mate th2 sections. INONG| shietake voici le 


alignmen= may be achiev2d Oy applyinjy 2 long shatted screw 
u 


Seaver as atleverin the free flooding ports Secure the 
sections with the screvWs oreviosusly fenovel. Berorea 
Gonnecting the power cabl2a to the transmitter section (8), 


O 
ensure the dummy load is in pizce On the sectioi's antenna 
Me@epit coaxial cable. Maxe the 
Meoecascer .the free fls5o0 fe) 
before. Do not assemble the antenna nist $9) on the spar 
mmey 2c chis point. 

mep Ss: Taxe the fiber optic traosmitter, 


Storage reel, packaged as Shown in Figu 


2 
(D 
(3 
py 
= 
oS 


Meer house. In the vicinity of t 


electrical, tape securing the transnitter *t9 the 


Mme US NG Care not to brsak or kink the optic ca 

orf enough cable so that the transnittar may b2 positione 

On the instrumentation saction (4). Carefully aiign and 

sMread te axle into the hole providjd2i in the canter of the 

Gee cas connection sides of the san buoy. fTfighten the 
9 


Meer d uUn<~il it is snug. ecure th can buoy = 
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Figure B.1 Shipboard system component layout. 


memeh with ine to prevant the buoy from rolliag when “he 
G2l sonnec<ions 


Picehas DCINt. Pose 2.2m che 31 


m 
moss under way. Do not fasten the 2lectri 
0 SMitter against the 

= 
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(on quick release clamp siie) Wictre ame Cibes. gpe@ic co 
Beetruding from the power supply sphere a 

matter enclosure. Ensure there is sufficient room for ¢ 
M@e@oai cable connections at the PIM e¢phe 
enclosure and securely fasten the transmitter tc che frane 


Wich two inch Benthos glass sph2re sealing “ape. 
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Figure B.2 Fiber Optic Enclosures (1) and (2), and storage 
reel (3} 


Beep 4: GCommec edets -TranSMissiort cable (3) 20 the 
Sensor subsection (2) USiag Gdlor caqd= f5r easy and efror 
fees Connection. PaleOmetouMa<t mga somnecti on aptly .a thin 
Meee OL Vacuum grease £5 all sonnector shaft Make 


Si. 
connecticns and secure them with th2 Locking sl2eves. 


Sezew locking sleeves too tight e) : € 
Memmeeccirc.,. Fasten the other end of the cable to the cables 
PEOtruding from the pulss code modulation (PCM) Sphere. 


Ue 





Connect <=ne PCM data Ai emmeOo the Spec transmitter data 
m 


Cc 
Mmput connector. Use cars i9 ple on the cable 
& rowousea in the 


ifm ali the two 


Bemnectcr with the ind 


Q 
transmitter enclosure. This is éssential 


conductor Brantner connections in +432 system. hase Te Feo 
follow this procedure vill result in dazage +o the 


i 

electrical components involved. 2 

Between <he power suppiy sphere and the optic tran 
Sm@ebosure. NOw connect th2 powsr cap 

and the receiver enclosure. 

Meeps s: Test for idle PCM signal by connecting the test 
cable between the ODeis T2CeCLVEL enclosu 
Oscilioscope. Remove th2 power actuating magnet on the top 
SBeeehe PCM sphere. Adjust the osciiloscore to observe a 200 
fue PCM signal. The signal should sync reasonably well. 
Remove ~he actuating magnet fre 150 


m Becoomere (ORC at 4a 
time) nd observe the PC“ pulses run. Fhe ssysten is now 
9 
2 


M@eeked Out from sensors through tae Eiber osptic link. 


u 
Pemove the optic receiver 1372 dutput t2s7 cab’.2 and install 
b 


the data cable op¢tween tnh= can buoy and the optic receiver 
BEm@erosure. install the spar buoy cable (39) to the can buoy 
Mec es: LOL che PCM signal Dy pixting the oscilloscope 
probes on pins 2 and 3. replace tha maguets on the sensor 
Sphere and the PCM spher:. EA SCOnmsets ene Sdan DUOY Ccabie, 
mie Optic recéiver power zable and trae optic receiver data 
Cable. The system 1s ready tor itploynenc. 


Seep | through step 4 nay be acconolished along sides «he 


pier or en route to the isploymen 


ct 
t- 
© 
qd 
bu 


eeo 5S: Fasten the line and cabl= to the svar buoy. When 
Memeeocaetion (180 foot depth for this 2xample) and.ths ship's 
mmenor 2S properly set, th shio's screw will fasten the spar 
Meee O =~he On-board crane and hoist it over the starboard 
Mute When the fastener is at the rail, a tinber hitch is 


Rie 





mad? about the spar buoy shart and? the spar buoy is mada 


Q) 
wt 
D 
fQu 
e 


a 
Meee the Ship's rail. Th? crane then way be disconne 
Remove the four 1/4-20 hexhead bolts from “he top of the 


fe) 

Spar buoy. Remove the dummy load from che end of che soaxial 
a 
é 


mepbe and connect the cable to the casle in the antenna mast 
Meer2on (9). Align the mating ind2x marks and mat tha 
Sec - ions. Secure the saction in olace with the belts 


& 

previously removed. The woench utilized for this procedure 
Shoula be fastened to the soeratot with a stringy to orevent 
loss over the side. When the sections 


3 & 
hitch may be removed and the spar ouoy lower2i into the 
n b 


Meer by the nylon tending Line. When stable in the water, 
remove the tape on the spring ioad2i antenna ground plans. 
Mm@ementenna ground plane presents anh sys hazzard, Use care 
mee ending «he spar buoy. The spar buoy cable should be 
Balced along the Starboard sid: outboard OF any 


ese ruct:ons. 


3 


meep 62 Secure the sensor cable sonnectors ts one of the 
~ 


if 


memsOr sphere hardhats usiag electrical tape. Remove <zhe 
@ctudadting magnets. Allow some slask and tape cne coaxial 
meee (3) tO the main suppo7t line. The sensor sudsectrion is 
hoisted up and the A-frame id 
a5 clear of the shivo's ste 
Towsred in ten foot increnen 
must be allowed between Fixe 

cables between tne sensor subsection 2nd the instrumentation 


M@meeeectl On. flectrical taoe iS applied 2% ten Foot intervals 


Or the poiypropylene main support lin:3. AB UeOo lis DLaAcCed on 
Miemcape tO allow for easy cemoval during recovery. 
sep /: When approximately fiftzean feet of the cable 
BeM@ein, the A-frame boom is aijust3i in so that the main 
s aaerey ¢) 


be ies 


Sepport i-ne is very clos= to the stern 
2 


ample amount of fiber optis cable is r3 
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reel to allow the instrumentatioas subdsec 
Meercioned on the.stern witn PCY end down and 
clamps toward the line. Th2 main suposrt line is lowered to 
where there is sufficient slack in the last se 
coaxial cable. The cable connectors are fastened *o the 
Instrumentation subsection frame with e 

the actuating magnet is renovei fron the PCM sphere. The 
Gu.ck release clamps are made fast t9 the le) 

Meee Main support line is hoisted off the deck and zcgaic the 
A-frame boom is adjusted aft until t¢223 loa 

stecn. The load is loweérel again in tan fo 
Mew Optic cable is fasten2i to the nain supp 
Electrical tap? as before. Care aust be tak 
eakS Or KinkS in the fEiber optis cable. S50 oe 
Meeween lowering the load and reeling sff the fibar optic is 
a must. NoocmewomtyO Loo. Mebker (two black Steriod ( 


5 
Et.) mei oved DY two SUSCCSS5Siv> singis black strises or thes 


Aa 
> 


ae 
= 
t-"- 
Q 


Main Support line) is at the A-frame boom block, 

lowating the system is stopped. The cemaining fiber optic 

cable is secured *9 the sterage reel with a rubber vedge 
Cc 


inser=ed in the storag= jroove ani *aped ia pla 


Peeeezerica, tape. tee. storege Eset Ss Sinmootit2ezec py 
Meer ong a piece of parachute cord from tne can buoy 
eemongback through the storage reel spokes. The power and 
data cable connections are nade between the can buoy and ch: 
Meec T=eceiver encicsurs. The spar buoy tendiag lire is 
fastened to the can buoy by means of 2 shackles ind «the spar 
Me@eveceble is connected ts the can bisy. PHests ro Suppo: 


2 
Setanta Loot Lark 25 at deck level. 

The excess fiber optic cible aust be care 

Mies point. The can buoy zaick relesas2 clan 


Memeene mein support line. The 1 


Go YS 


2) Qh 
feeeeme boom adjusted aft => the load is clear of the stern. 


jes) 





Mae can buoy is lowered int) the watec with the excess 
optic cable. Simultaneously the spar buoy cable is relsased 
Myer the side. The end of the polypropylene main support 
line is unfastened from th2 winch cable and fastened to a 
marker bucy then released dver the stern. The system is now 
deployed. 

Seep 8: Check with ths receiving 5s 
ensure they are receiving a s¢a sid2 2 

Step 9: The recovery 2peration 15 just ths reverse 
the deplicyment operation omitting h 


procedures. 
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Mest olhti TRANS TER FUNCTIONS 


1. Introduct zon 
The triaxia coil nagnetom2at2r system is diagraned 
in Figure C.1. Presently only the lani based system employs 
micse coils, ne ocean system us2s two coils. ime Cats 
y(t} 


sensed by this magnetcmeter system is given by Vx(t), V 
Mmeeevez({t), che output voltages generated by the inp 
Magnetic fields. The magnetis fieli components are thea 
@esired results therefore the system transfer function mus 
be jetermined so that it tan = 

VOolf£age. In the time domain the 
output voltage and the magnetic field is 2 


mamcegral: 


Meme) = Wha (t-etypbs { tye (1} 


awk 


Sere 1-X,Y,Z. It is moOcS convenian: £5 express equation 


a 
Meeene c=Ssquency domain by performing a Fourier transforn: 
Gi=Hi (w) Bi Ww). (2} 


Meet cans-er function Hi(es) can e23sily be determined in 
Bem@iie OL The ratio of output to input. 
: 


The next section jiisci 


07) 


ses the components of tne 
System and attempts to davelop a system nodel. Tne last 
Section describes the calibration neasurements and the 


Meramec ntal jetermination of the transfer function. 
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Figure C. 1 Systen Comoonent Configuration 


ye ovStem Descriptio! 


== 6a a ee ae Due ee eee —= 


The coil magnetometers are composed of 18 gauge 
s 


copper wire with approximately 5460 turns. The Ludividual 
M@eensrer function for the coil is: 
Vc (wy) =j KB Ww) (3) 


where VceW) is the spectrin 


6. 
Mmemecoil and K is a gain fastcr. 


The next component in the system is the preamplifier 
Mowe pass filter. The preamplifier 2ssentially introduces 3 
gain of 1000 so the voitaye signal can be Sént t9 remote 
Siecerumentation. The low pass filter is a five pels 
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mremvysncy Swath a SdB cutoff at 2) Hz. The filter is 
Beamatily used to remove 5) Hz signals from the sys 

to prefilter the data before it is jligitalized. An addi- 
tional pole is introduced because Of a2 capacitive coupling 
between the second and thiri stages 5f the filter. Pigure 
C.2 shows @ pole-zero diagram of the preamplifier. The 


jmeanster function takes tha fera: 
H (jw) =K/ (4wte) (Jw tb) Ctwtc- ji) (JQwtct+t jd) (twte- Jf) (Jwretjt) (4) 


where K is the gain of the preamplifier and the coericients 
Meer daze taken fiom the pole-zero iiagr 

The preconditionsr has addition ae os approx = 
mately 1000 and has zener ilodes t9 Limit the input voltage 
Mmemeae PCM board. Typically the cutof Sea=>apd 7 407d 
moLts. 

The magnitude and ohase response of the preampi:fi- 
Sr=taiter and preconditioner 
mreough C.8. The input t2st si 


are shown in Figures C.3 
g 

had flat magnitude and phase ch 
E 


these curves 


Mee The figures then reoreseén 
Sens Cr the preamplifier-filter op 
om X-y-z channels of la 
figures show that the cha 
and phase. The phase res 
fecal in ever case. Th a 
Press part of the transfer function is n 
Ow2V Ss 


Mimedut voltage Signal. 4 


on terms of power spectral densitizses and cokerence thes 
fact has no bearing on the results. 
meee oca  clanpSter fLunccion ee 


née system is tzhe 
product cr equaticns 3 ani 4. Ba hese formulas and 
E 


[res Ligures, the resultiig =z nmee2on should {5c 


rh 
or 


Q 

<— po 
(i) 

ee] 

}-—ts 

a 


Fairly linear at the low fraquen 


we 








1 13-10A Amplifier 


~ 
— 
— 


Pole-Zero Diagram for 45d 


megere C.2 
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D) 
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Figure C.4 
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AED Calf nga —_eeaenp cep eam Gp 4 = a> 


The magnitude of the syst2m transfer function was 
detarmined experimentally through the use of a Helmholtz 
Soil, a source of sinusoid3l current and a spectrum 
Smelyzer. The sxperimental set up is illustrated in Figure 
Seto. A ore turn Heimholtz coil with a 0.61 meter radius and 
a €¢.61 meter separation between coils is used to provide a 

M@eebrated magnetic field to the Sensing ccii. The sensing 
Beet is placed concentric to the dslmhoiltz coli and is 
Bencersa verticaliy to ersure 2 wuaiform magnetic field is 
Mreqazted about the sensing coil. The §Meaqnetic Eleld in this 
Meech Of the Helmholtz coil is directed along its axis and 


Meegsven by {7}: 
B= MSNI/SYSR (5) 


to terms on zhe order of (L/P) whera L is the lingarc dimen- 


meen Or the ~eqion, N is the number of turns, R ist 


h 
Mummproicz COil radius and [— is thse iriving current of the 
Meee. The driving current is produced by a4 Wavetek signa. 
gensrator model number 142. fhe carrent is msasured by 


memeeong the voltage across 2 995 ohm r2sister in series with 
Siew heimheoltz coil. This voltage is néasured by a spactrun 
Smee yzer (HP-3582 A) to avoid any spurious signals generated 
Meera cmonics. Once the drivin Csr stem.S KpoOwn,- <enen ins 
Geli brating magnetic field can be determined. The volitage 
output or the sensor systen is then neasured by a spectrum 
maak yZer. By repeating ‘the measur2n3snts at 2 number of 
MeereLrent frequencies ani applisd fields, the system 


REcwon Sah DS maasured. 


a 
memeGtia Pb Cat pratctien Was tongducted at the La’ Mesa 


zh 
[eg e Site using the sstup illustcated in Figure C.10. 
Mies Helmhoitz ccil, Sensing coli and preamplifier are 
located approximately 40 meters from the shack which housed 
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Figure C. 10 System Calibration Experiment 


the remainder of the experinent. Ween = We WHoloaholez coil 
Mesconnecced, the backgraouni magnetic noise of this location 


d n 

Was repeatedly examined to ansure acturate readings. Figure 
Meme snOowS a typical bacxground nois2 plot from the spectrun 
analyzer directly (therefore the transfer function has noz 
been remcevec). The distiact featur2zs are Schumann reso- 
nNances, otherwise the bazt<ground was low enough and stable 
enough to adequateiy calibrate th= syste2n. ODA a as. fone 
sChumann frequencies was the background subtracted from che 
measured cutput voltage. Calibration runs wer= conducted 
Mmeemeos0> Hz t> 20.0 Hz with applizi calibrated magnetic 
mera Or 0.02, 0.2 and 1.0 nanoteslas (gamma). Figures C.12 


Mmeowgh C.16 show the resulting calibration curves of the 


See, 





land and ocean magnetometer systems. The true transfer func- 
tion is represented by the 0.02 nar field of the Heimholtz 
eol). The larger applied fieid siow saturation by the 
system caused by the protective zener diodes in the precon- 
ditioner. At the low frequency end, all the systems are 
closely metched. At 1 HZ an output voltage of 1 v indicates 
<< -  °° eS 
| 
\ Vo ,(mv) 
i. | 
._* | 
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Figure C.11 ckground G2omagnetic VYoise £(Hz) 95/20/82 


a 
Si3°hrs. 


os (0 


MemeesUred Magnetic fieidl of O.4 nT. A 74 nt Ffieli is 


Saturated above 2 Hz. 


(me computer tenses Ehe actual equations representing 
the magnitude cof the transfer functions presented a diszinct 


meepiem because Fitting tha data to the theoretical transfer 


90 





5 | (volts/nT) 








_ 


6c 


wo 





ie a a ctmecmts CERNE Ree PED GERD fans EE Gi ES A Re AED Seite RED A cites A cian AN ame aerial 


e 
ae 272 


mms a ome a ee a ml, eR LR oe el A ele, cc pa: — ca, sta elem, 








Paqure C. 12 Land System X-Coil Calibration 


mam@ec2Oor cf the previous s 


(Dv 
Q) 


y 

Memedgesitables since the opha 
transfer function can then be 
prinary area or inte q 
the transfer function was moasl2i in <+t¢rms 
seqmernts. The equat m 
Maximum error of 1% 
meme 20 HZ range. 

In the actual computation each curve was broken into 
convenient segments that could be rzipresented by a straight 
Memes The range of the ssgnuants wera 9 to 3 Hz, 3 to 5 Hz, 5 
Memmeoniz, 7.5 =O 10 Hz, 139 to 15 Jz and 15 to 20 Hz. FOr 

ope 


€ach segment the sl 
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Wao £&aese Computed by: 
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Figure C. 13 


M= (Y2-Y1)/(X2-X1). 


Mee che Slope of the line wes founl 


meen r axis (b) was found fron: 

Y= De 
These computations were performed for 
Meeecaes OL five equations to moisl 


Meee rcacation system. The individual 


Mmemround :n the computer progran, 


Ss 


rand: system Y=Coil Calibration 


each seqmen= to 


[Table I. 
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Figure C. 14 
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Figure C.15 Ocean System X-Coii Calibraticn 
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Figure C.16 


28, 





© cy 

AG (oe 

Cut tt 

moO Cy 

Cr {Ts aa 

M fr, bry 

Ont + 

favten) Ov 

foam é 

ae ON ( 

Hey <a) 

(9N (Ny 

C3 a 

Tere) ees | 

24 3 

ok a an Ct 

1S CVO = 

Coie (rt Pts ra oe 

Two #10 cor) oO 

S.  ae ) NC Vokes) le ey 

Om (Ne vy) -¢ re) 

wor SS fe ew mow 

i Orv e rm } oe 

om on 1 0 cy 3 eae 

~— ~~ cyxcy mo cuc 

+ + + 0G 14 Pum mamnm 

ate) Wu) Try Fey % fr fe. feu 
NOM MOO <= FH % LO) + + + 

SAL= g =i =) mm WNOO Mr 
Oee Oee OFOD — oOo Ol 
Eie™mM FHOM BE1DC OMWMO ~~ 

COW E ascadt | ee« Fie e ee 
Sat Oy) Ooms NN NN 


eddy RI RI Lt 
oH HM e fl HO ell WHO ell Hol tla 
MGMAWIOMAHOMYAHAOMHANRONHO 
Peg Ne Ht Pg eH Pry eer ES yg SE Or 
ee) © ae) eo Orr AC. OO 
Pu > 4 © Ra bd IO fu bt HO fy i HO ot HO 
Re Seen RE Roo RNa a Ree ha 
fq 
Ur N ”) = Ww 


r~ ~ 

—~ O Oo 

Cm omen _ DO WO 

ail m0) et) me = 

Ors nNn -—-mM m1) mo 

5 4% ee r) lh ° 

2100 Oo ae) i) ™ 

* @& mm Oe + + 

cn t+ 6 a | cw xX 

= 4 cucyw Cwcy rcyw ane Gp ae 
ef mm 24 1 1 Puts fu. 05 cy 
m~ t (z, feu fs fr4 #% fu % fs 4 
NIN O# % wsr+H wm It v™ 3¢ [x4 
ine) Oo NN WMWrnN Worn # 
Oee OWMO OOWN (08 hme MO WN 
HNeK Ne BIN OWD Own” 
[ope @) ee ef Fie e F4 ¢« e “ 
cael seed Ownm Oca NY) NN ON 
= eee NS SS 
t= m tC we LT) ew pm eee a te ao, 
MA DAH er ert e444 
ens ops oO mH eos m™ ers OS 
PJbdb4 Geddy Bid Pahdby abd by be 
rIsdby Fahey ddd db Lae oe 


el WM elb HO et} Io eft Ilo eft tall 
MA~AAOMANRAOMAHOMANROMHH-ON 
Fg Set Fg ee fy mt ft eB re” 
“Debt hd Ob 
0 ofty bd 4 © fy bd PHI fy Ot HO fu Mt Oy bd 4 © 
LAT BGA SER REMAN NERO N AEE 
PO 
Ir N ~ te (f ot 


96 





meeeeULSE CODS MODULATION SYSTEM 


mie PCM Circuit Components 2re moanted on a 3 inch by 15 
Meen Drinc<ed circuit boari with 2 15 pin double sided edge 
Mepmecto> at each end. Th2 pia assijnments ft225 the signal 
MmemneccOr and the control sonnector are i Git tables D.1 
Mfmye2, crespectively. Th circuit is diagramed in figures 


meee and A.5. 


Pesbaois 


S2Qmal SG@cunestor Pin ASSigament 


PIN ASSIGNMENT | 

A Channel” T inosait (analog) 
B Chenmvel: 2 2hogt (analog) 
C Sha ede, So Bape e. (27255) 
D Channel 4& inda* (analo3) 
E Gheanneies 5 8p (ima log} 
r Ghanne: 7 indie (anealsgs} 
H Sotho Seo hap © (2 Me 7} 
J channe Deena de) (4S. 90} 
K Soames, lo, enou = (32 1ado5! 
L channel 14 induct (anals53} 
M enad nei is input (2nalozi 
N Sonne eizeeno1t. (analoc} 
D Channel 71 inpet (2rnalod3) 
R Goommet 10 1noge (analog) 
S Channel 9 input (analozi 
1 -15V (max.) 

3} common (signal) 

us) toy (te xX.) 


mame PCM system incoroorates a <srystal oscillator and 
Meremecraced CMOS integrated circuitry ts develop the clockin 
meses, 2 16 channel CMOS analozj multiplexer, 2 12 bit CMOS 
Muemeeg=-tO-digi:t2l convert2c and assodciated circuitry to 


provide the vulse coding. 


oe 





Vee lid 


Comerol Connecto. Pin Assignment 


PIN ASSIGNMENT 
7T DALDWt tN (CHNL 14) 
2 Wo 
3 EXTDW2 IN 
u EXTDW2 SEL 
5 SAMP. KATE SEL IN 
6 Set 
7 POWER GRD. 

8 +157 
- NRZ- i 

10 B1iP-L 

11 AL ¢ 

2 C1 

13 GZ 

14 Guu 

‘le C3 
A EX eee eek LN POUL 
Bb SIG GND 
‘C Ein thee k OOTP Y Tt 
D) SIS GND 
K -157 
ip +127 INPUT 
M SAMPLE RATE 123 
N SAMPLE RATE 564 
Pp SANPibs RATE 32 
R SAMPLE RATE 16 
5 SAMPLE RATE 8 


MmewccrV¥s-3i clock oscillator operates at 3 €r2querncy of 
Mmeor7o KHz producing a@ sqlareé wave dsutput with 2 icss bit 
Meeenor Che bit in one miliijon. This pulse train with tulse 
Meee on Cir 20.35 micros2coids triggacs the clock input of 
Meemeeey Wp cOUnter Z217(1/2) and is also routed directly to 
MmmeeOr che con~rol connestor. Pin 2 of Z1i7 is she counter 
Mmeobe 2Nput which 1s connectsd t9 V+ thereby constantly 
Mmeirang the counter. Pin 7 is tne reset input which is 
Mmeelndaec., The counter is composed of four toggle flipflops 
Pee are incremented on the positive going edge sf the clock 
M@eses. The flip-flop surouts Q1 through Q& are routed to 
Semerol connector pins N,P,&, and S, c2#spectively. The pulse 
Mepetst.On rate at pins M,N,P,R, 32213 S$ represent sample 


mers OF 120, 64, 32, 16, and 8. 32lection of the sample 
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€ 
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t 
6 2) 


Tat2 is dependent upon the Nyquist sampling criteri 
Mesethe highest frequency of interest in the anaiog data 
being sampled, than the s2mple rate should ne syusl to or 


Sample 


me! 
gy 


M@eeacer than 2£ for unbiased resolution. Currentl 
fh 


rat2 of 64 per second is employsd ©> ensute the Nyquist 


Sampling criterion iS met over the frequency range af 
M@aeerest (0-20 Hz). A sonnection between the pin that 
represents the selected sampling rat? and sin 5 of the 
Meeeeol pin connector will establish that puiss repetition 


rate aS the system cleck. 
Mme clock triggsrs 28, a four stage binary up counter. 
momeanoputs consist of a single sclock, Cane y= ieee (CLOCK 
enable), binary/decade, ap/down, preset en 
individual jam signals. Four senvéerate buriere 
Mmemery Out Sighal are providei 3s dJutput 
Meas 9 and 10 configure th circuit as an u 
The jam Signal is selectsd to idievsloo the data w 
Memewcounter Sterts at a coant of 4 as configured 
Memeo (12 counts). CCO go2s high setting 21 
Smeple Signal on 28 receives the high set output fro 
meeeey)6Ccand the Z12 counte> is asyncaronously pr2set to che 
famessores count. fhe prss2t¢ count is gated through 2Z 
Meeand the conyert stact signal to 23, ene h 
analog-to-digital convertér. his Carry © 


u 
Meeteene 28 counter acts 1s the slosk input é 
ee 


Mme@eener <x<our stage binary up counter. eso DiS, g? 
Sazough Q4 represent the multiplex shanneal enable signals tc 
Meee ene 16 channel analdgz multiplexer. Bach channel is 
eneadlied for 12 clock opuises, Th? analog muitipiexer, 


depending on whe tate o£ tae multiplex enable signal, 
Swicches a common output to one of sixteen iaputs. Its 
Output is amplified, conditioned and passed t9 the 10 Voit 


Mert Or 23, ~he analog-t2-digital soaverter. The paralisl 


SS: 





faecal outpuz of 23 is passed to Z4 and 25 for pareallsi-to- 
serial conversion. The analog lata word (ADW) is gated to 
NAND gate 211 along with Ws, DCL, aad EXTWD2. Wo and fo 
developed in NOR gate 29({1/2). Wo is aigh when C1 through C8 

2) 


Peeezero and low otherwise. Then using Z17's tounter zer 


count as intial sequencing point, the frame sync word is 
Passed tkrough 213 pin 13 followed by channel 1 through 
Ofanne) 15 analog data words. 212 and Z14 develep the 


meagrelS tO be biphase logic or non-return +9 zero (NRZ) 
Meerc. This system feeds the biphas= logic BIJ-L throuch 2 
Mem pass filter and a Signal conditisning circuit where the 
Meedlation index is set. [n tne s332 system the offset ana 
Mead POTENtiometers are aijusted s> the signal conforms *o 
Memetevels. This final output is the lata input t9 the optic 


ian Sliticr. 
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Mee OPLICAL FIBERS 


fee Fiber types 


Aithcugh many types of fibers have been tried in the 
Mece-nc past, present teshnology favors three classes of 
Meepe=s for optical communications: Single-mode step-index, 
multi-mode step-iniex, and maiti-node graded-index § /( 


meacec ct. 1). 
@. Single-Mode Stsp-Iniex 


Single-mode fib2rs ar 


3 
mem i.> ©O 8 micrometers) with ual 


= 
7) 
\-? 
fis 
(D 
4 
yy 
oO 
tr 


O 
B@esounded by a cladding 39€£ cor 


< 


Mg 
Mi@s]= index of refraction differs by a very small amount 
e) 


SGOsc were. "Sanqgu=) mode" feature can be 
b 


abrupt interface between core and claddiag 
aS wel Sector ste le ciant > 920 the =Sstaeczwive Liadex. Tne 
Meete.ng material i Bes Wav 


Selescsveco rena. 2ny Ned=s i- ~asc 
MatcoKkily attenuate and k 

Mme dirierence in refra 

meet, ~-he numer a a 
Mea. The small aperture amakes coupling ¢t 


difficult (8, 9}. 


Hee NULLA dieMode Steo- Ind2x 


The core diemeter of multiemod= step-index 
Mee 2s are larger (25-15) misromete2rs). The refractive 
midex iS uniform across the cores diameter §9}. The cladding 
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Mmpeactive index is slightly lower chan that of the core. 
Zz L 


The numerical aperture is small but the core size is larger 
than that of the single node fiber, alleviating somewhat the 


meypling problem. The loss characteristics of these fibers 
can be extremely low and in general scan be linked directly 
to the lower numerical ap2rtures aad nanufacturing ‘tech- 


niques employed. 
c. Multi-Mode SGraled-Iindex 


Graded index fibers appar to be the optinun 


Mmepecr (OL toose currentiy ivail2blse) Or slog. line apolwca- 


is 
muons §8]. The fibers hava core diameter ranging from 20 to 


Mu~enCTOMetLeCrS With an ind=x of retraction that varies as 2 


Miect2Oon Of the distance from the cd 

Figure £.2. The gradé in the iniex randves the abrupt change 

Miers aS typicai of the step-indsx fid2er. The nat eifect is 
e 


Site adit modes cross the »sptisal 3 


K 
Peacss and at about the san2 tine [190]. 


Pee AceSnuaticn in Fiber Waveguides 


Hite nOrene pe Me Sceauses £56 anetenuetioan Losses 
are: 
1) Material abs 


5) can be mostly 
err outed 2a Hyd 


oss 
XylL and Transition metal 
ions in glass 
ey So Catimeseng: ff losS iS primarily caused by 
a IE 5 


java 
PGrONSL ric TEreg Tac ere Gilagdl ag 
interface. 
3) Radiation iosss 
bending the Fi 


ie 
Severe UL Sbclieduhel. 
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Types of Optical Fibers 


Figure £.1 
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De Scattering Loss3s 


ct 
(D 
| 
t-* 
pu 
[+ 
" 
Ww) 


All transparant ma G 
Mmeeto £rozen in thermal fluctuations of constituent atoms. 
Mes intrinsic scattering represents the funda O a 
Mmreron to attenuation in dptical wavaguides. The glasses 
utilized in fiber waveguiies generally have nore than one 
Sede present that cause airosther forn of scattering. This is 
memo concentration fluctuations in th2 constituant oxides. 
Mm~m~ere on Silica glasses, <soncantration fluctuations typi- 
Mei y account for only aodproximately 25% cf tha observed 
scattering ioss. 

ieee Ons ton these. EW Intrinsic sc 2 
Meseses, onduced scattering through ion-linear 2ffects can 
Memsc Stich aS stimulated Raman andi S8crillouin scattaring. 
Because oz the small core size, the confined guidance and 
pe long xnteraction length, relativ2aly low absolute power 
levels are required to obsarcve such 2£fects. Actually 2090 
Watts has been injected ints a 2 Km L3agth of guilds having a 

oy 16 ) = 


a] 
mememtcrometer core diam2t2ar with nd RT + Sie t On 


Spse-ved [{ 11}. 


See seaadia tion. Loss2s 


These losseS are associated with the waveguide 
Peem@e-uts, The cladding has in practise been, a thickness of 
a few tens of micromet2rs. ewe ot-aydeter is LOSsy (<9 
minimize crosstalk), Sotiemeeemas tc On Sf “thesmods field can 
reach this region and bse 2ttenuatel. Rad2=t2onal radiation 
losses are experienced when the optical wave guide is 
Curved. The presence of sutSile perturbations on a fiber 

S 


Muse light ioss through the cladding. In step-index fi 
this mechanism causes a@ change in th2 angle of incidence of 
M@emee ght rayS until a sritical loss angle is reached. 1! 


M@eeied-index fibers loss ocsurs from nsde nixing and loss of 
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the higher order modes in a simular fashion. [These losses 
can become appreciable in fiber cables for underwater appli- 
cation. Losses as great 28s 1400 4IB/Kn have been reported 


Ai2 1}. 


fee loss Minrtmization 


= 


Fortunately it is known that fibars can be 


Beotcectec from microbendiing and e2ntased in soOnstructisns 


er 


D 


Sapabie ot high pressure [13]. The 3122 of thess losses is 
Sypacaily about 1 dB/km. Minimization 2£ microbeniing losses 
Memachisved by encasing the fiber 1a alternately soft and 
Mod jackets. A transverss force apolied to the stifti outer 
meeket will be resisted ani spr2aad sver a large area. The 
Meee nner jacket will comoly with the force, attenuating Lt 
and spreading i* ovar Slee oA 


a 3 
Mem@mmeeren be adle =O transmit to the ~iber whith is itself 
1 nh 


Scitt. FOr 2xample Iff*'s T-1211 fiber is buéfered wit 
meron, a Silicon rubber, jiuring the drawing process. This 
has the advantage or protestin thea Fiber from contaminants 


meeey Of, particularily OH ions. he seecora butict, Hytrel 
7246, a hard polyester ¢lastomar, is then apolis 
membanat On makes the fibee a good choice fo 
Bepbling. Hytrel alsc aives the fibers hundred 


moma nicty from moisture [13]. 


EEumlosses aue t> Hy drostacti 


? 


Hydrostatic pr2essures can also affect the atten- 


MeetONn 2n Optical fibers. Saeweon PIDwer Clad ssilica ([CS) 
7S compressed in sea water. At 2000 psi, the numerical aper- 
Maes (NA) for this type fiber approaches zero and no light 
SS transmitted due +t9 compression of the silicone and 
increase of the silicon:2 ides x 9OE penetra on [14]. 
Mie=EeLOre, glass clad fibars must b2 used in underwater 
caoles. 





“Alte Simca Et Dee BOOELG UELIized in a data link 
jor Wacnetic data collection need ndt be a supperting 
elenent of the system the tansile strangth is not a signifi- 
Mean. Lacior. 

While the tsheoretisal strength of optical fiber is 
Mor= than 600 kg/sq mm '15j] the actual strength is related 
Memronimim strength points due to fiaws and cracks on the 
fib=r sncface. PoSe aes 2ekeng Strath Of 1 percent, the 
m flaw size must be lass than 1 nicrometer, which is 
u 


UELHSsr NOre; 


ry 


Meena sSUro pin PEOdUet ion runs © 16]. 
Owth of flaws is iirectly related to temperature, 
ag strain, relative humidity ani even pH. A pH of 7-8 
Callse€s tne most severe fiaw growth 17). This value approxi- 


mates tne pH of the ocean. 


meng cempopt2cal fibers 2325 the ososbjective of 


provicirg useable strength at mninimun weight while ensuring 
Seecelonntental protection. EXtensivy? tests upon several 
Meee el ent configurations o2F mini-e-cables for unisrwater use 
Meo and without conductors has bean conduct2d by NOSC, 
@awa-5 £ 18}. The followiagjy presents some of these cables 


W 3 
whose charac*eristics may awake them suitable for underwater 
Mecnetic data collection opsrations. 

Figure E.2 represerits three 2 2ssible cable 2rzrange- 
Meee ctl Similar, except for tha csamposition of the Load 
Meeeeng s-ructure. This may be all K2vlar, ea hybrid mix of 


Kevlar and S-Glass, or all 5-Glass in an epoxy matrix. 
a. Lightweight Single Fiber table 


1) Cable 539538 (all <Xsviar): This cable 


Beeyavea 500,000 flexure cysies at 2) percent loading. The 
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1. Low loss, graded index, Optical fiber to 9.005" 0O.D. 
2. Annulus of Dow Caoraing silicone (RTV 184) to 
nomwknal 90.0142" Oo.D. 


Annulus of polyester elastomer (Hytrel 7246) to 
nominal 0.020°° 9.5. 
4. bLoadbearing annulus to C.D. of 0.040" 
may ode: 
@. $658, twelve 380-Denier yarns of KEVLAR-49 
Bb. Ten 38C-Denier yarns of KEVLAR-49 and 
DS cCNUSeIhS=901 S-Giass 


C. S2 ENDS S-Glass (nominally 6528 filaments) 


a 
eee eee ee ee Es ee oe ee tb 
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Fagure E.2 Lightw2ight Single Fiber Cable 
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Mmee king strength of this cable is 225 pounds with a tensile 
Seeength of 180,200 psi. 

2) Cable 5083 (Hybrid): This cable survived 
mec70,900 flexure cycles ithout failure at 20 percent 
loajing. Its breaking str2ngth is 227 pounds and tensils 
Peeengtr is 180,000 psi. 

3) Cable 509393 (all 5-3148ss): Pisses s the 
Peeonces< combination with 32 breaking strength sf 346 pounds 
Medea tensile strength of 275,000 psi. This cadle survived 


meo,000 flexure cycles it 20 o>cent loading without 


Vi 


breaking before the test was stopped. 


Those cables tasted by NIST Hawaii provide the 
M@eenscion Of fiber optic t2zhnology co the underwater envi- 
Meeient ard <nose mention2i above allow for utilization in 


Mmagetwater magnetic data collection. 


Memeo Gis SOURCES AND DEfccrorRs 


Meee. SOULrces ior fiber optic systems reguire certain 
memeG 65, Stics including lLong-lifa-tine in use, Arigh effi- 
SLENcy, reasonably low roost, Stee we: ono ODEL Cas ~~ pOWe=s 
SucDut, Sool tiey TOL Various tyoas of modulation and 
Biystcak compatibility wit fiber ends. Toers 266 three 
Bele cOntigurations: PGteemenace ny Glade, isdlid stats 


gee iight Emizting diods (LED) 


LED's generat? iight when 
Seross a2 p-n junction radiatively racosabine, emaitting radi- 
Memon Over a solid angle of 2T 322ar u 
OUutTPDUt power emitted into 2 unit solid a 


Beem areca is low for LzD's even though th 
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output is reasonably high. ies Tee wOmEYpeS Of LED 
sources availzble, edge emitters and dJoned surface emitters 
G emitters are rather somplex to manufacture resulting 

in 2dge emitter LED's being more comnonly utilized. Noise 
oduced by LED's into the optical fibers is relatively 
cases anil is proportional to the spectrai 

width and the number of transmission nsies propagated in the 
fiber. Typical pecwer verses drive rasponse curves for LED's 
are usually linear (see Figure £.3). Most available LED 
sources have péak wavelangths of 83) to 850 nm and power 
mmoles Of approxsmately 1 uw. LED's are constructed to last 


meeexcess of 1 miljiion hours [19, 8}. 
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quantum eff, 30% 
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a. Lasers 


Double-heterojunction DH Laser structures can be 


mad= with relatively long lifetimes when the lattice parame- 


ters of the electrical composition in the various layers and 
boundaries are carefully natched. Ie the DH laser wit 
Stripe gecmetry, the lasing region ocsurs only in the trans- 


m 
Meese C1 -ecztian under tha width of the contact stripe. 
TMyewDasse SSMicd naweetoO> Material for both LED's 
and injection lasers is the GaAs combination. Doping 
elenerte iike Al, AS, In, 32, and Sb, are used to shift thea 
emission wavelength. iiemeniesnold gGiarent for typical DHA 
las2rs range from 0.7 t> 14% kKA/sq sn and the quantum sffi- 
Meeacy rrom 10 to 50% compared with 3% for an LED resultina 
Wz a larce incremental insreas= in dutput power for small 


M@ercaescs in current beyori the currant <zhreshold (Figurs 


=o) COmpa Dison 


(octet Olas ate ons Of <fibsr sptic tec 
Mupemey fOr ilocai data coOnnuRications to date hav S 
LED's ror use as the scurcs. Danmawiaeiedi scarce © Ss 
Meeeewec ln the capabilities of this device ani its cheaper 
cost, €ase of use and operational expediency hav a 
W 


ith lasers. 


Piet Der Optic systems, sha most connorly used 


Bee=1VErsS utilize photodiodes = { r avalanche 


= E ° 
Meeeap, cO convert incident light ints electrical enercy. 
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@€. PIN Photodiode (PIM: 


The PIN diole consists 2f a relatively large 
(very lightiy deped) region sandwichel between p and n doped 
semiconducting regions. Photons absorbed in this région 
create elestron-hele pairs that are then separated by an 
Seceric tield, thus generating an 2lectric current in thse 
Meegecirctit. Fhe quantum efficiency of the photodiode is 3 


Mim]etion of wave length ani temperacur2? [38]. 
p< Avaianch= Photodiodes (APD) 


myees PD ers dessigqned ron. applicatiois requiring 
greater sensitivity. Bestise Of a Stmporgq ¢lectric field 
Meeseng Within it as a result of 2xternal biasing, the APD 
srnal gain nachanisn. They require a corsid- 
las voltage than PIN diodes (bias voltages on 


i 
OUVesGe Mot Ireenmon) 3 }. 
ee COMO2T2Si0on of PIN 2nd APD 


AS = result of the high reverse bias require- 
Memes Cr tne APD a g 
Maes COllection s 


Sten 
Moe che System's detector. 


Pee LR ANSMITTUEa/ RECEIVER 


There is a wide variety cfr commercially available trans- 


Mitcer/receiver sets with tre full cange of seurce/detectors 
previcusiy mentioned. These presladé¢ the necessity of 
assecGa awed cle cuitry. BieebUrr-ofowr 3713T7R 





fee oPLiCING AND COMNECTINs 


eeeeoren Inwhenyeappiications is in joining one length 

@ewtiper or cable to anoth2r, either by splicing (relatively 

permanent) or using coinectors (iretended for repeated 
0 


Sesconnection and tec 


fee Splicing 


Improvements Pi heme acer Ub lng techniques that 
continue to lower fiber attanuation a1ave increased the need 
Soe, low-loss field epiicing methods t132t will pernit greater 
Spacing betwen revesxters. Tha coupling less 9f 2 splice 

+= 
4 


n 
S 

AP eOsss rn oOSs chat aee intrinsic to 
Aes EXtELNSLS Ones whishwedepend)on 
I 


tne fibers 
] Maes NSwemewe ->LS anclui= comewGia- 


mec wee ate end rSsfcactave index orofils. 
a 


These can be Expected to vary ranionly becaus2 they are 
influencea by the manufacturing Ed 9 oleate y EOne Sor 
proztesses. icmeme-et on Spiice ileoss can be treate 


Meee tcically. The factors introduced by the splicing method 


pv 


d 
Mmerude lateral misalignnait, end sso2aration, and end prepa- 
Melon Guali~y. Oc these, lateral a S 
Seaticel. 


Phe ideal epliciny method 1s 32 fieid usable tech- 
= 


Peque which Minieizes these fibesc SMemeisic “facucrs. 
Seeec.ngG methods now available depeni on either fusion or 


adhesives [20]. 
a. Fusion Method 


The fusion or "hot splice® method uses an else 
Mees arc or other heat source td) fuse two fiber ends 


together after they have b2an accurately aligned. 
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oye Adnes ive Methoi 


In the adhesive or mnachanical approach, eI} 
Mtetenical device is usel t> align th: fibers *hrough refer- 
enc tc their outsr dianeters. fhe fibers then are bonded 


Memeo thas position permanentiy, usually with an epoxy 
adh2sive. 
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Presscame antrinsic 
mreeaesign of fiber optics zoannectors with the a 
ment that the connector system péerait numero 
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eoupiing loss. Thewesase  TWwembaASI> @types of sconnectors: 
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The other conmecrcial ter 
second category. Some us= a2 nol 1g 
Beeryie <~O align one fiber with an eo wort the avall- 
able connectors which use naechani ment of machined 
members are "dry" (they io not 


and many are based on ths 5MA-type son: 


g 

fecmnetenang ELuid), 
L roideveloped for 
e 


S 
Sexe ateca ble af 20 4. 


teadio frequency transmission over copoer 
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Be OPTICAL DATA LINK ENSINESRING 


The following varagraphs oiutiiue procedures for engi- 
mene fiber cocic dati dink utilizing the Burr-Brown 
Syist transmitter and 3713R receiver [27]. 


eee Determining the cadle Type 


Bressialiyi, the primary actor which determines 
subsequent design of a fid2xr optic system 1S the amount of 
attanuaticn expected. Fibers havea ben devsioped which 
exhibit attenuation of less than 1 1B/km. Sommer cial. 


fib2rs are available with attenuatioa of less than 6 dB/kn 
mmo M_cromecer §Z2]. Tae ruggedized graded-index optical 
Gables thet were tested Sy NOS>, dHawaii had attenuation of 
approximately 7 da/vkm [23]. In nost appiications the cost of 
Memes Der 1S invetseliy proportional t> .ts attenuation. For 
Smmeesereason, selécticn 2f 2 fiber is wore directly related 
Mee dOliars than dpb [22]. There ac also environmental 
concerns. The mechanical stresses, 2nvirtonmental temperatures 
extremes, and expesure to 222Sh cnenuicals must be considered 
Moen choosing a particular cable. Sica tolings as -5 ~ 

Mat2riai and the type of zdded strenyth members (see Figurs 

a 


B.2) determine a cable's methanical ani environnent 


capabiiities. 
There are threes basi wyles Oo. Opcical fibers ¢ 


myP= Specifies the profile sr variation of the fiber's i 


Cc O 

choos¢ from: step index, single-mode, and graded-index. Each 
> ndex 

Seeece ir action aS a function of radial distanzse from the 

mepetr*s center aS previsusly diagr 

While step-index fiber with a scores diameter 

ters or larger is reconmanded for u 

3713k as it is the best zompromise between c 


Daerdwidth, ccupling loss, and cost, the graded index type 
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5088 (Hybrid) Seven pr oy ser ose rp hed 1s) incorporated 
c 


outside Giénez2 


- 
e 
Ss 
=" 
ay 


ints the subject syst2en desig 
Beeparity is reduced by application of several jackets 


- 
- 


S e' 
heat shrink tubing. Esse oee Pe tGgans Of Fiber, the 
increased coupling loss issocia 


cor2 is tolerable. 


yee ~=Determining Launch3i Power 


Once the mechanical characteristics and the cable 
myp=> have been chosen, it becomes n2etReSary to an 
performance with various sablés. i eb aS | 
Mndertake is the power lauached intd 3 particular 
mae Optic transmitter. 

Beginning with the LED sd14rce, cele smoor tare 
Metical parameters must 02 Known in order to caistulate accu- 
Meeoety the device's interastion with tn2 system. These 3a 

pamemectal Gesstcal power | 


be. Peak wavelenaqth of enission 


qe 


See Physical size of output por 
Memeo Patial protil= of the 2missiom vpattera 
Be tal OUb DUT power /[ 
Mmesovd Ss. for convenients the optizt32? power, 32s well as 
the losses wzthroughcut the s m 
tivity, can be expressed in dB. The total system loss is the 
Sum of these individual components. [TD crorve 
3a oa 


Memes OUTPUt to dBm, refer it td 
ime) OUT pus Dower (dBm) = 10 Log{(P> tuw? /10C0) (1) 


The peak wavelength of =missi2n A is n2cessery for 
deét2rmining the loss of tha systen fiber (which is a func- 
tion of wavelength). Econ USUAL fOr Tiber attenua- 
tion to Gouble or even triple over only aid) # nanometer 
Tange in wavelength. 


ie) 





A PeOWet welOSS Gan SCCUr si chape if @ migmatch of 
areas of the emitting port ani the fiber end. This loss 


expressed in dB, is: 
LED-to-fiber area loss(dB) = 20193 (92/01: (2) 


where D1 and D2 are the iJlLamerers 2F the systtai cores and 
Mee LED output port, respectively. (££ D1 is greater than D2, 
*he area ioss is zero. 

The sp2atiai emission pattara of the LED's output 
IUuSt De Known, because 2 Loss ca u 
Megenrays of the LED's sutout cannot be captuzt2ed into the 
numeatical aperture (NA) of the sys a 
NA Loss. Most data sh2ets give inacormation sa numeric 
aperture. If the NA of th 


e 
Meset then no NA Loss Oct1irs 2% 


ae 


system cable has the smailazr Na, then the loss i 
NA loss(dB) = 20log(NA source/NA system f£lber) ie) 


Me Cleo Geman] TO bapSn Spiicss DE cabs ZA the system 
the remaining losses will 5b 2% tha fib 
Face. These iosses may b2 calculated as described above. 
Typical cap and aisaligna 
Meenous Connector systems available fsr the Fiber 
active component package are 9.15 ma a 
Mevely. Angular misalignment in th 
SMart and can be igrored. 
Beginning at the detector and working hac 
required LED drive current can be caicul 
Generally receiver sénsitivity is 
baniwidth and desired bit-arror-rate (BER). Ihe detector 
data sheet svecifies the minimum pow2r to be launched into 
Bmesdetector input port foc a given BER. DRererore, (Geer is 


9 
Meee -octy ©O Calculate th coupling loss fron the systen 


a a) 





Mees tO the detector. This will yisld the opticsi power 

Beaquirec at the detector and of the £ 

Memole Matter tS subtract the loss of the cables 5 arrive at 
m 


Cc 
the required launched power. Detector nhinimum power can Le 


Benverted to dBm by equation (1). <Tanle ioss is calculated 
by multiplyitg cable lLeigth (kn) DyGanee A2tcten@aticn 
(dB/km). 

ee POM NALD = ALDe=" CL - FL - 348 (4) 
where, 


PL = launched power 

PDM = minimum detector dower 
NALD = cetactor NA Loss 

ALD = detector area ioss 

CL = 


Meeedesign ease the 3713T/R specification sheet includes the 
Meaonh itilustrated in Figire E.4,. 2 ower launched néy ea 
Getsrtmined Simpiy by entering the graph with the core 


mice 2 n= ecttael lagache=1 powe> into a specific cable 
Beep and the attenuation of a fiber a: a specif: 
(L ) are Known, the maxigaun cablz iength nay be obtained. 


fmeeee tne loss mazgin (L4) is found by: 
moeds j= VO kog(PL/Pi n, nin) (>) 


Pin,min iS the minimun rated outpit powar (with power 
adjusted set for maximum power) Poorly 2n og 2 crows 
Bmememan 2S Specified in th2 transmittar specifisatio 
Then Xmax, che maximum cabl lengeh that will just present 


mim tO the transmitter is found by: 


Uae 
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Figure 5.4 Launchei Power vs. Core Diameter 


Xmax = LM (43) /i4 Bm) (6} 


Memen.s Length is too short, a cable with a larger diametsr 
[eereger PL) or less attenuation (smaller Ly ) 95 a trans- 
Meee -c wich a higher Pin,min must be 152d. 

The typ? 5088 cable, for example, has Ly= (dB / Gee ac 
669 nm and a core diameter Ogos Penh Or 12/7 Micronecets 
Memen corresponds to 0.9 misrowatts. Pin,min = 30 nanowatts 


= -9 ’ 
Merst case for 10 Bene Lows: 


cia jOMog(0agem.s bOw2tes/3) henowactts) 7) 
LM = 1019939 = 14. 77dB (8) 
XYmax = 14.77dB/7x10 dBm (9) 
Xmax = 2.11 km (10) 
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Moe length is longer tha@n required and is therefor 
marracient. 
4. Determining Hingmua Cable Length 

Short cable lengths with lary2 diameter fibers ma 
cause some receiver slew cate limit which will appear a 
Mumcycle distortion. Liniting the power coupled into th 
Meeeever trom the cable will preavest this from occuring. 

The minimum cable Lengte may be deternined for 


Meerg the typical curve fron Fiqure &. 
d 


of launched power should 052 us3d si1a7 


Mest power intd the ceasulting in 


Minimum cable 
muoO3 Cable, 


The mininunm 


length. 
che 


typical iaunched vowel is 


loss margin is found usifhg the 


Meunched into <¢« 
T1I3R as sit 


ese. = oe 


Mecs=iver which is 1 


electrical specifications for the 


fa nin = 
re nin = 


HWOwog (2Pl7ein, pax) 


HOaog (0,9 mcrog3 tt/1 


The minimum cable length €& 


Peample is; 


Xmin LU, min/Ly 
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oe odB/ 7 x19 
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MeeentS Minimum cable lanjth is t09 Long for 


mepesceaticn, use a smaller sore diameter cable, a 


rMeomene 


fave | oo DY 


@é higher loss, or the power Jaunchsi 


Medqguced aS described in sezt 
The 
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Mies f£iber optic cable whan used in conjunction with the 
Bryst/R set. 


fee LY PECAL APPLICATIONS 


The 3713T/R fiber optis link soives such data transmis- 
sion problems as crosstalk, eo) oL ere ae and echces. 
Electromagnetic radiation interference ifs avoided wher usin 
Pera per optic data link Pc fareroLlse sayironments. 
Lightning damag= to capl n can be 
elininated where fiber optis cables rio 


ie 
me Ccondaduic= 
Oe 1d Olle 


Meese Friber optic cables 2re not sahject to 


when emersed in water. 
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J/JOEMIMB JOB (1592,0129),*FISHER SHC. 1399',CLASS=C 
//*¥4AIN ORG=NPGVM1.1592P, LIN ES=(50} 
//*FORMAT PR,DDNAME=PLOT. SIZ5 VECER,DEST=LOCA 
// BXEC FRIXCLGP, FARM. LKED=" LIST ,MAP,X REF", 
//SYSUTI DD UNIT=SYSDA,SPACE= (CYL, (3,8)) 

M7stsUT2 DD UNILT=ASYSDA,S?PACE= (CYL, (8,8) } 

J/SYSLIN DD SPACE= (6080, (80,30)),UNIT=SYSDA 

J//PIRT~SYSIN DD DSN=MSS.SYS3.NONZIMSL. SOURCE(FCURT) , DISP=SHR 
y/ DD * 


O 


L 
REGION. GO=2 700K 


A LARGE NUMBER JF ARRAYS ARE UTILIZ=0 
WITH THE INTENTION OF MAINTAINING EACH 
BIT OF ORIGINAL DATA OR ZALCULATION, 
READY FOR RECALL AT ANY TPIYE FOR FURTHER 
COMPUTAITON. EQUIVALENT ARRAYS ARE =ZMPLOY2D 
BECAUSE THE PLOTIING ROUTINE 'DRPAWE! 1S 
NOT ABLE TO HANDLE COMPLEX ARRAYS. 
ARRAYS 'ITB','REB',*ALABt AND *TITLE® ARE 
USED TO GENERATE THE VERSAPEC PLOTYER OUTPUT. 
OCSAN ARRAYS ARE INDICATED VIA THE SUFFIX 
'O', AND LAND ARRAYS ARE IVYDICATED WITH "Lt. 

COMPLEX*8 XxX0(8192),¥ ¥0(8192), 

CSO (8192) , C00 (8192) ,2X0 (3192), 

CRO (8192) , CTO (8192) ,200(8192), 

CVO (8192) ,CWO (8192) ,>P0(8192), 

ZYO (8192) , COMOL (8192) ,COL (8192), 

Urs 192) ,CVL (8192) ,2WL (8192), 

MOror (8192),X%X%L (8192) ,YYL (8792) , ZXL(8192}, 

Mie 192) , CSL (8192), 8 PONS'192) , 

BMO (8192) , BPL(8192) , 3ML (8192), 


Ca a ad aca l  aaal  a ao amaal  caaal ao ea aaaa 


Qe a Os Gree) oY Se) 
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SrOmio) 92 sommes 192) 7SP)(8192} , 


GmceI(o 192), su0 (8192) ,5TL(3 192) , 


IO OO a ea ae 


2 el @ ae @ ae 


Oe 7A OO Oee 


O 


CPL(8192) , CRL (8192), SML (3192) 

DIMENSION TIME (8192), FREQ(8192), 

WORK (16384) ,FR02(8192) 

INTEGER*4 ITB(12)/12*0/ 

REAL*4 RTB (28) /28*0.0/, 
CROO(16384),CPCO (16334) ,2U00(15 334), 

C000 (16384), CT00(1633 4) ,CV09(15364), 

CWOO( 16384),CTLL(16334), 

CPLL(16384),CRLL(16334) ,5OLL(15384), 

Siri lesgk jj nevLL(1633 4), 
CWLL(16384),COMOLL (15384) ,CD29LL (16384), 
SP00(16384),SPLL(16334), 

SMOO (16384),SMLL(16334) 

REAL ALAB(22)/'PDXO', *PDYO','SPtd', 

Bem2G!  § Sr 30". §srd0", "PHAD*, 

TeaMOs, "POXL", (hOYL®, 'STIL',*STr2L', 
MeraL',*StOL', "PHAL', 'GAML', 

mePLo”, Spin’ , "Shoo", *SMLL",*SPOL*,*CMOL'/ 

REAL*8 TITLE(12) 

EOUmHAL ENG S(TETLE(1) , RTB(5)), (2290(1), 

eo) ) » (© £00 (1),cP2(1)), 

feecrein C00 (1)) , (CI20(1) , CT) (11), (CU00 (1) ,CU979)), 
emOO (1), Cw 1), (O900(1) ,CV2 (1) ) , (CTLL (1) ,CTL(1}), 
ert re cL (1) ewe onbein) , (COLL (1} ,COL(1)), 
Paerinee UL (1) ) ,eeyVLU(iyscvL (1) 1, (CwLL (1) ,CWi(1)), 
(SGPOLn (i) ,coPOL(1)), (CCMOLL(1), 

COMOL (1)), (SPO0(1) ,39C(1), 

ferrin, SPL (1), (S42 001) ,SH9(1)) , (SMLL(1) ,SML(1)) 
aaa ©aO,Y YO, CSO,CO0, 2X0, 2Y0, C29, CTO,CUO,CVO,CWO, 
Mele y i,2%1,2YL,CSL,53P0,BMO,BPL, 

BML,SPOL, SMOL,S?C,SPL,SHO, 


Sv, ci L,CXi,COL,CVL, SOPOL,CWL, 
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Cyney OF OY OP YY Oa rr 


(So ii aaa nal OP aa 


© emrPorecomnol/279523%().0,).0)/ 


DATA TIME, FREQ, FRQ2/24575*0.0/ 

IFRAME=8192 

NR=30 

FNR=FLOAT (NR) 

P=0.0 

DO 70 L1=1,NR 
THE DO LOOP ENDING WITH STATEMENT 70 ENABLES 
THE PROGRAM TO PROCESS A LARGE AMOUNT OF DATA 
BY REDFATING THE PROCESS IN BLOCKS.THE DATA 
POINTS FROM EACH RUN THROUSH THE DO LOOP ARz 
ADDED TOGETHER AND EVENTJALLY AVERAGED BY THE 
NUMBER OF RUNS THROUSH THE DO LOOP. "NR! 
REPRESENTS THE NJMBER OF DATA SEQUENCES TO 
BE AVERAGED. 1 SZQUENCE CURRENTLY EQUALS 
8192 DATA POINTS FOR EACH CHANNEL OR 256 
SECONDS OF DATA. FOR THIS [EST SINE AND 
COSINE WAVES JE 4HZ WIL BE USED. 

DO 60 JJ=1,IFRAME 

XXO (33) =SIN(P*. 785 393 163) 

YYO (JJ) =COS(P*.785393 163) 

XXL (JJ) =SIN(P*.785 393 163) 

YYL (JJ) =COS(P*. 785 393 163) 

P=P+1 

CONTINUE 
THE FOLLOWING SEZTION GENERATES THE TIME 
AND FREQUENCY ARRAYS AND NIRMALIZES 
THE INPUT PCM DAIA TO VOLTASE FORM IN 
PREPARATION FOR THE FAST FIURIER TRANSFORM 
TO THE FREQUENCY DOMAIN. 

N=8192 

FN=FLOAT(N) 

PeGTAT=1./32. 

TSFN*DELTAT 


L2e 





ca 5 aaa > aaa a as a aa imal Oe aaa ia a So aay 


20 


40 


Daa’ — ee 7 

DO 20 J=1,N 

TIME(J) =DELTAT*FLOATL (J) 

FREQ(J) =DELTAF*FLOAL (J) 

FRQ2 (J) =ALOG10 (FREQ(J)) 

CONTINUE 
THE NEXT FOUR STATEMENTS PERFORM 
AN FFT ON THE INOUT TIME SERIES 
DATA. 

CALL FOURT (XXO,N,1,-1,0,a0RK) 

CALL FOURT (YYO,N,1,-1,0,#ORK) 

CALL FOURT (XXL,N,1,-1,0,WORK) 

Semoun T (YYL,N,1,-1,0,9RK) 

DO 40 K4=1,N 

XXO (KYU) =XXO(K4) /PN 

YYO (K4) =YYO(K4) /EN 

XXL (K4) =XXL(K4) /EN 

YYL(K4) =YYL(KY) /EN 

CONTINUE 
THE NEXT LOOP CALCULATES THE 
UNNORMALIZED SPECTRAL DENSITIES 
FOR SINGLE SITE JRTHISONAL 
COMPONENTS OF TIE GEOMAGNEIIC FIELD, 
THE INDIVIDUAL SITE ZROS SPECTRA 
BETWEEN COMPONENTS, THE INDIVIDUAL 
ORTHOGONAL COMPINENTS OF RISHT AND 
ROPE PCTRCUMARLY POLARIZED SPECTRA, 
AND TWO SITE CRISS SPECTRA FOR RIGHT 
AND LEFT CIRCULAR POLARIZATION. 

BO) 30 IT=1,8 

mae{i Ly =ZX O(I1) + (XX9 (TI) *CONTS(XXO (II) )) 

Z%O (II) =ZYO(II) + (YYI (II) ¥CONIS (YYO(II))} 

@5O({11) =CSO{11) + (XX) (IT) #CONIJS (YYO (2I))) 

Meee (EE) =Z XL (EL) + (XXL ( LTP*CONIG (XXL (II))) 





3:0 
70 


ays 


Creer rati ye (Y YL ( 11)*.CONJS(YYL (II) )} 

CSL (II) =CSL(II) + (XXL (II) *CONIS (YYL (II))) 

BPO (IZ) =XXO(II)+((0., 1.) *YYO(II)) 

BMO (II) =XXO(II) -((0., 1.) *YYO(ITI) ) 

BPE (it) =KXmdad)+ ((Osgei.) *YYLCIL) } 

BML (II) =XXL(II)-((0., 1.) *YYL (II) ) 

SPOL(II) =S POL (II) + (BPO(IL) *CINIS(BPL (II))) 

SMOL(II) =SMOL (II) + (BMO(II) *CONJ3 (BML (II))) 

SPO (II) =SPO(IT) + (BPD (II) *CONJG (BPO (II))) 

omit) =SPidt) + (BPLigl tT) #EONTS (BEL (IT) )) 

SHO (II) =SMO(II) + (BM) (II) *CONJ3 (BMO (II))) 

SML (II) =SML(II) + (BML (II) *CONJS (BML (II) )) 

CONTINUE 

CONTINUE 
THE NEXT LOOP NORMALIZES THE ABOVE 
SPECTRA AND CALZULATES POWZR SPECTRAL 
DENSITIEZS. 

oms3) 23= 1.0 

ZXO (13) =ZXO(I3) *T/FNR 

ZYO (13) =ZYO(13) *T/FNR 

CSO (13) =CSO(I3) ¥T/FNR 

ZKL (13) =ZXL(L3) #T/ENR 

ZYL (13) =ZYL(1I3) *T/FNR 

CSL (13) =CSL(I3) *E/FNR 

SFOL (13) =S POL (13) *I/FNR 

SPO (13) =SPO(I3) *T/FNR 

eh 3) =SPL (Layer 7 Park 

SMO (13) =SHO(Z3) *T/PNR 

SML (13) =SML(13) *T/FNR 

SMOL(I3) =S MOL (13) *T/FNR 

CONTINUE 
THE NEXT LOOP CALCULATES SPOKES 
PARAMETERS O TH2D0UGH 3 OF THE 
INDIVIDUAL SIIZ ORTHIGONAL 
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COMPONENTS AND THE C)HERENCE OF 
THE PLANAR CIRCULAR POLARIZATION 
PARAMETERS BETWEEN SITES. 
DO 44 I4=1,N 
CTO (IU) =(ZXO(I4)+#2YI(I4)) *2./7T 
CPO (I4) = (Z XO (I4) -ZYD(I4)) *2./(T*CTO (TY) ) 
CRO (I4) =(4¥CSO (14) ) / (CTO(I4) *T) 
COO (14) =CSO(I4) /(CSIRT(ZKO (I4) 1 ¥CSORT (Z1D (L4) )) 
CWO (14) =ATAN2 (AIMAG(200 (I4)), REAL(COO (T4)) ) 
COO (I4) =CS QRT (COO (I3) *CONIG (TOD (I4))) 
CTO (14) =4. 2429 448*CLIG (CTO (411 
CUG (14) =4. 2429448*CLIG(ZXO(I43)) 
CVO (I4) =4. 3429448*CLIG(ZY9(I4)) 
CTL (14) =(Z XL (14) #ZYL(2I4)) *2./T 
Sees = (2 XL (14) -2YL (14)) *2.7 (7 *CTL (14) ) 
CRL(I4) =(4*CSL (I4) )/(CTL( IM) #2) 
GOL (14) =SSL(I4) /(2SIRT(ZXL (14) ) *OSORT(ZYL(I4))) 
CTL(I4) =4. 3429446*CLIG(CIL (I3) | 
CUL (14) =4. 3429448*CLIG (ZXL(L4)) 
CVL (24) =4. 3429448*CLIG(ZYL(I4)) 
CWL (14) =ATAN2 (AIMAG(COL (I4)), REAL (COL (I4))) 
Bemis) =CSCRLT (COL (I) CON TS (TOL (14)) ) 
eorPOL (is) =SPIL (m4) /(2 SORT (SPI (14) ) *CSORT (SPL (I4))) 
COFOL (14) =CSQRT (CIPIL (14) *CINIS (COPOL (I4))} 
COMOL (I4) =SHOL (I4) /(2SQRT (SUD (L4) ) *CSCRT (3ML (Z4)) ) 
COMOL (I4) =CSQRT (COMIL (I4) *CONTS (COMOL (I4))) 
SPO (14) =4. 3429448*CLIG (SPD (L4)) 
SPL (I4) =4. 294U8*CLIG (SPL (I4)} 
SMO (I4) =4. 3429448*CLIG(S4O (I4)) | 
SUL (I4) =4. 2U29448*CLIG(SHL(I3)) 
CONTINUE 
VERSATEC PLOT OF CALCULATED QUANTITIES 
NPTS=10./D ELTAF+1. 
(PTS! DETERMINES NUMBER JF POINTS 
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NECESSARY TO PLOT THE O I) 1) HERTZ RANGE. 
TTB (2)30 
ITB (3) =20 
ITE (4) =10 
ITB (6) =1 
ITB (7)=1 
ITB (12) =1 
RTB (1) =0 
RTB (2) =0 
RTB (3) =ALAB(1) 
READ(5, 3000) TITLE 
CALL DRAWP (NPTS,FRQ2, CUO), ITB, 2138) 
ITB (6) =1 
ETB (3) =ALAB(2) 
READ(5, 3000) TITLE 
CALL DRAWP (NPTS,FRQ2, CVOD,ITB, 323) 
ITB (6) =1 
ETB (3) =ALAB(3) 
READ(5, 3000) TITLE 
CALL DRAWP (NPTS, FREQ, CPO),iITB, 22B) 
ITE (6) =1 
RTB (3) =ALA3(4) 
READ (5, 3000) TITLE 
CALL DRAWP (NPTS,FREQ, CROD,ITB, 2TB) 
ITB (6) =1 
RTB(3)=ALAB(S) 
READ(5, 3000) TITLE 
CALL DRAWP (NPTS, FREQ, CROD (2) , IIB, RTB) 
mre {(6)=1 
RTB (3) =ALAB(6} 
READ (5, 3000) TITLE 
CALL DRAWP (NPTS,?RQ2, CTOD,ITB, 228) 
ITB (6)=1 
RT3B (3) =ALAB(7) 


ee 





READ(5, 3000) TITLE 

CALL DRAWP (NPTS, FREQ, CWO), ITB, 2TB) 
ITB (6) =1 

RTB (3)=ALAB(8) 

READ (5, 3000) TITLE 

CALL DRAWP (NPTS, FREQ, COO), ITB, 2TB) 
ITB (6) =1 

RTB (3) =ALAB(S) 

READ (5, 3000) TITLE 

CALL DRAWP (NPTS,FROQ2, CULL,ITB,32IB). 
ITB (6) =1 

RTB(3)=ALAB(10) 

READ (5, 3000) TITLE 

CALL DRAWP (NPTS,FRQ2, CVLL,ITB, 22B) 
ITB (6) =1 

RTB (3) =ALAB(11) 

READ(5, 3000) TITLE 

CALL DRAWP (NPTS, FREQ, C2LL,ITB, 21B) 
ITB (6) =1 

RTE (3) =ALAB(12) 

READ(5,3000) TITLE 

CALL DRAWP (NPTS, FREQ, CRLL,ITB, 273) 
ITB (6) =1 

RTB (3) =ALAB(13) 

READ (5, 3000) TITLE 

CALL DRAWP (NPTS, FREQ, CRLL(2) , IDB, 275) 
ITB (6) =1 

RTB (3)=ALAB(14) 

READ(5, 3000) TITLE 

CALL DRAWP (NPTS,FRQ2, CTLL,IIB, 223) 
ITB (6) =1 

RTB (3) =ALAB(15) 

READ(5, 2000) TITLE 

CALL DRAWP (NPTS, FREQ, CWLL, ITB, 2723) 
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ITB (6) =1 
RTB (3) =ALAB(16) 
Rees, 3000) Tn TLE 
fro DRAW P(NPTS, FREQ, COLL, ITB, 2IB) 
TB 6) =1 
RTE (3) =ALAB(17) 
Pea (5, 3000) TITLE 
miu UaanwP (NPTS,FRO2, SPO2, 17B, 2TB) 
mb 26) =1 
RTB(3)=ALAB(18) 
READ(5, 3000) TITLE 
wei DRAW? (NERS, FROZ, SPLL, ITB, x28) 
ITB (6) =1 
RTE (3) =ALAB(19) 
Pere >, 3000) TITLE 
Sate DRANP (NPTS,rRO2, SMO), ITB, 2TB) 
ITE (6) =1 
RTB(3)=ALAB(20) 
pose ( >, 3000) TITLE 
Ore DRAWPANPTS,FROQOZ, SHULL, ITB, 2T8) 
ITE 6) =1 
RTE (3) =ALA5B(21) 
READ(5, 3000) TITLE 
on, DRAW? (NPTS, CREJ, COPOLL, i?rB, 8TB) 
ITB (6) =1 
RTB (3) =ALAB(22) 
ead {(5,3)00) TITLE 
CALL DRAWP (NPTS, FREQ, COMDLL,IZB, XTB) 
3000 FORMAT (6A8) 
L.0.P 
END 
/* 
Meese 5S YSIN DD * 
Meee FOWRR SPECTRAL DENSITY OF SIN 4HZ 


Zs 





IN XX0.30 AVGS, (REF DB VS LOG FREQ) 
Test POWSR SEECTRAL DENSITY OF [OS 4HZ 
IN Y¥O,30 AVGS, (REF DB VS LOG FREQ) 
TEST STOKES 1/STOKES 0 OF SIN 4HZ 
IN XXO AND COS 4HZ IN YY9,39 AVSS 
TEST STOKES Z/STCKES 0 OF SIN 45Z 
IN XXO AND CCS WHZIN YYO,3) AVGS 
TEST STOKES 2/STOKES O OF SIN 4HZ 
Mex kO AND COS 4YHZ IN YY9,3) avcs 
TESTE STOKES 0 OF SIN 4HZ IN XXO AND 
COS 4HZ IN YYO,3C AVGS, (REF DB VS LOGI 
TES. PHASE OF SIN 4HZ IN XX) 
mp cOS 48% IN YYO,30 AV3S 
TEST COHER OF SIN 4HZ IN XX) 
AND COS 4HZ IN YYO,30 AVSS 
TEST POWER SPECIRAL DENSITY OF SIN 482 
Mx xL,30 AVGS, (SEF DB VS LOG FREQ) 
TESE POWER SPECTRAL DENSITY OF COS 3HZ 
IN Y¥L,30 AVGS.(BEF DB VS LOG FREQ} 
TEST STOKES Y/STQKES O OF 3IN 4HZ 
Meet AND COS 4&HZ IN YYL,39 AVSS 
PEST STOKES 2/STOKES O OF SIN 4HZ 

<XL AND COS 4HZ IN YYL,39 AVGS 
TEST STOKES 3/SIOKES O OF SIN 4HZ 

AND COS UWHZ IN YYL,39 AV3S 

TEST STOKES C OF SIN 4HZ IN XXL AND 
COS 4HZ ZN ZYL,30 AYGS, (REF DB VS LOG) 
Beer PHASE OF SIN 4HZ IN XXL 
AND COS 4EZ IN YYL,390 AVGS 
TEST COHER OF SIN 4HZ IN XXL 
AND COS 4HZ IN YYL,30 AVS3S 
TEST RT CIRC POLARIZATION PSD OF SIN 442Z IN 
XXO AND COS 4HZ IN YYO, (DB VS LOG),39 AVGS 
TEST RT CIRC POLARIZATION PSD OF SIN 44Z IN 


4 
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Mr AND COS 4HZ IN YYL, (DB ¥S LOG),3) AVGS 
TESE. LEFT CIRC POIARIZATION PSD OF SIN 4HZ 

IN XXG AND COS 4HZ IN YYO (DB VS LOG),30 AVGS 
TEST. LEFT CIRC POLARIZATION PSD OF SIN 4HZ 

TH XXL AND COS 452 IN YYL (DB VS LOS),32 AVGS 
TES? COHER RT CIRC POLARIZATION OF SIN 4HZ 

N XXO,XXL AND COS 4HZ IN YYO,YYL, 39 AVGS 
TES? COHER LEFT CINC POLARIZATION OF SIN 4HZ 
MmmexO,XXL AND COS 4HZ IN YYO,YYL, 3) AVSS 

f* 

7 / 


—* 


13 





APPENDIX G 


“Ss op ww ees Geew = 


J//JIEBIMB JOB (1592,5723! 
J/*4MAIN ORG=ENPGYM1.1592P 
Meek EC FORTXCLS 
//FIET~SISIN DD DSN=MSS.5YS3.VONIMSL. SOURCE (FOURT) , DISP=SHR 
// Pp 


rH 
Ws 
oc 
ty 
ry 
Wn 
x 
© 
awk 
oe) 
Vo) 
ve) 
‘2 
tt 
= 


=F 


THE ARRAY 'INt #ILL BE USED TO 
RECEIVE THE DATA PASSED FRI” 
THE SUBROUTINE '22AD" AND PHEN 
TRANSFERRED TO TYE APPROPRIATE 
XXX OR VYYY APQAY. 
INTEGER*2 IN(163 
COMPLEX*8 X¥X0(8192) ,YY¥¥%12192) 
DIMENSION FREQ (3192), 2 IME(8192) ,dORK (16384) 
DRTA XXX, Yo 715 384% (9. 0, 0.0) / 
ATA TIMZ, FRED /16386*9 .0/ 
THE FOLLOWING SECTION READS THE 
FIRST SIX SECONDS OF COMPUTER TAPE 
AND DISCARWS THIS Dara. 
HTL =19 2 
HeNsS JJ=1, ITi. 
met) RD(20,2N,200,IRE> , IRR) 
55 CONTINUE 
IFRAME=8192 
NR=20 
FNR=FLOAT(N 2) 
Be 70 Li=l, NR 
@ THE NEXT LOOP READS THE TOMPUTER 
TAPE USING THE PROGRAM PROVIDED 
BY MR. TIM STANTIN OF NAVAL POST- 


Crecr =a) () ) 


oO 


V2 





Creer Cl Cr 


i as ar aa a ual 


40 


GRADUATE SCHOOL. 

DO 60 JJ=1,IFRAME 

CALL RD(20, IN, 1000, TRBC, 122) 

XXX (JJ) =IN (23 

YYY (JJ) =IN (3) 

CONTINUE 

N=8192 

FN=FLOAT (") 

DELTAT=1./32. 

T=FN*DELTAT 

PHUTAr=1./T 

he20 J=4, N 

TIME (J) =DELTAD* FLOAT (J) 

FREQ (J) =DELTAF*FLOAT(J) 
THE NEXT & STEPS CONVERT T4z 
DATA TO VOLTAGS AND #NSURE5 THAT 
NO ERRONEOUS DATA HAS BEEN INTRODUCED 
INTO THE ARRAYS. 

XXX (J) = (XXX (J) - 2045.3) *40. 72045. 5 

XXX (J) =REAL KXX (3) } 

YYY (J) = (¥YYY (J) -2045.3) *19. /2045.5 

WY (J) =REAL (WYY(3)) 

CONTINUE 

GAEL FOURT ( XXX,N,1,~1, 0, #2 RK) 

CALL FOURT (Y¥Y,N,1,-1, 9, 42 RK) 

DO 40 K4=1,N 

UXX (KU) =ANXK (KG) JEN 

YYY (K4) =YYY (K4) /PN 

CONTINUE 
THE NEXT LOOP AOPLIES THE SYSTEM 
TRANSFER FUNCTION TO THE TRANSFORMED 
FREQUENCY DOMAIN DATA. THE TRANSFER 
FUNCTICN CONVERTS VOLTS ID NANOTESLAS. 

DO 9 L=1,N 


ses 





NA A A A 


LO 


FRO=FREQ (L) 

TF (FRO.LE.15.)GO fT) 2 

XXX (L) =XXX (1) /(405.5-3.. 1k FRO: 
YYY (L) =YYY (L) / (181. 32- 7.58 8*FRQ} 
GO TO 8 

Ma(PRO.LE.10.)GO TD 3 

XXX (L) =XXX (L) /(5.958*F RQ-30.97} 
YYY (L) =YYY (L) / (7. 166*F 20-39.99}) 
GO TO 8 

me PRO.LE.%e5)GO TO 4 

XXX (L) =XXX (1) / (3.492*F RQ-5 231) 
YYY (L) =YYY (1) / (4.25 2*FRO-10.35) 
GO TO 8 

fagrrO-LE.5.)GO TO 5 

XXX (L) =XXX (L)/ (2.63 11* FRO#9. 1465 
YYY (L) =YY¥Y (L) /(3.012*F RQ-1.55) 
EQ TO 3 

Ir (FRQ.LZ.3.)GO I> 5 


a 


XXX (L) =XXX (1) / (2.63 11% FRO! G, 14537} 


YYY (L) =YYY (1) /(2.792*? RQ) 
ear TO & 

XXX (L) =XXX (L) /(2.72*F20) 
GoTo 7 

CONTINUE 

CONTINUE 


Pio ken te STATENGMTS SEND 
E 


PHe CONVGRTED DA 
Poe bok MANE eS ATL ON aud 
iteoenvees. ot OF STAPSMENTS 


ne 


Bove, one USSR A DLAGNOSTIC. 


WRITE (21) XXX 
WRITE (6, *) XXX(1) ,XXX (3 192; 
WRITE(21) YYY 
WRITE (6, *) YYY (1) ,YYY(3 192) 
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CYeeyY CYeer OY OY CY CY OY Oy Ora re eee 


70 CONTINUE 
ENDFILE 21 
STOP 
END 
SUBROUTINE RD(IUN,10, IRS, IREC, 1X9} 


Poboee ROSS DURE FIRNESHED BY Yn. TLM STANTON, 
DEPARTMENT OF OCSANOGRAPHY. 


Rcree ee A ca OR Ow AL bean » CHECK & RETORN 


ITUN=TA?PE NUMBER, ES 20 
HO=ENTSEGER*2 ARRAY, 16 LONG, 
emus GU=t095, SUBTRACT 2045) #572025. SIVES VOLTAGE 
moe sutern OF RESENGS ALLOWVES (ERRORS) 
mec - COUNTER Of RECORDS (FRAYES OF SATA} 

iSO 6 ulcer Sy Seat os = heeon) 

S00) BPL TAPE UNL ABLED 

S 


imeae=eNONB SR OF ACTIJAL RESINOS (ERRORS) 


TNTEGER * 2 T0 (16) ,7? (16} 
DATA IRR /0/ 

IF (IREC.£0.0) IS=0 
IER=0 

FORMAT (1632) 

Me (0S. NE. 0) GO Td 33 
READ (LUN, 20,END=900) ID 
ITREC=IREC+ 1 

IS=IS+1 

fee(tS.iT.17) GO fo 50 
READ (IUN,20,END=909) IP 
iS=1 
IREC=IREC+1 
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Si) 


>> 


70 


80 


109 


119 


13) 


ICH=IMASK(IP(IS) ,3,0) +1 
WRITE (6,55) ICH,IS,IUN,IREC 
FORMAT (' RESYNCING ICH, IS,ZU%,IREC ',4i3} 


IF (ICH.NE.1) GO T9 49 
DO 100 I=1, 16 
TO (I) =ISHIFT(IP(IS),+) 
ICH=IMASK(IP(IS) ,3,0)+1 
me (?CH., EQ. 1 GO fd 3) 
IER=IER+1 
WRITE (6,70) IUN,IRES ,I, ICH, IER 
FORMAT (*UNIT',I3,*RECORD',I5,'CHAN & DATA CH ',2I4, 
"ERRORS ',17) 
IS=IS+1 
mm (rS.LT. 17) GO TO 100 
READ (IUN, 20, =ND=90); I? 
7S 1 
ITREC=IREC+ 1 
CONTINUE 


Petre k.t0.0) GO TO 150 


t 


NEGennS)) Go rT) 12) 
WRITE (6,110) 


orwell (* 1 STOPPED [EN SUB RD BECAUSE 
PreeneGies, 16,* ALT L110") 

TRO=LRR 

BOP 

Sov LNUS 


Bees (6,130) IREC,IRR 

ee eo NC ME Px AME’ ,16,'ALTH TOTAL ERRORS',I7) 
IER=0 

TRQ=IRR 

GO TO 50 
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159 


909 
210 


30 


50 


/* 


CONTINUE 
RETURN 
WRITE (6,910) IUN,IREC 
Pernt ej END OF Garg ",53," AT REC ',17} 
STOP 
END 
FUNCTION ISHIFT (IN, NPLO = 
RETURNS SHIFTED VALUE OF I*2 WORD IN 
-VE LEFT,+V¥5 RiI3HT SHIFT 


PUESGER * 2 IN 
IP=IN 
ewe. LT. 0) LP=EP+65 536 
mee (ele. LT.0} GO T3 30 
ise ri—-iP7 (2*= TABS (NO LC)} 
nETURN 
Poa tPF =1P (22 * TABS (N2 LC) } 
MeeGr sith EeGlsooI55) ISHEFT=490 (LSHIFT,.65536) 
RETURN 
END 
moNCTION £MASX (IN, ISL, 1B x) 

ast 22 wa D oN GUIS D 


(23 
oO 
4 
a 
Ui 
t+ 
ti 
ra 
yy 
t~— 

J 
ae 


miiteGaR * 2 7N,1I5 

IO=IN 

fe (Esk. 20.0) GO To 30 
ET=ISHIFT (IN, I BR) 

nO=IT 
IP=ISHIFT (10, I BL-15-I 38) 
ese 
IMASK=ISHIFT(1I0,15-IBL) 
RETURN 

END 


17 





J/GI.-FTZ21F001 DD UNTT=3330V, MSV5 P=PUBIA, DISP=(Newkd, CADLG} , 


// DSN=MSS.S1592. GMDI1A, 

vy / DCB=(RECFM=VBS , BLKSIZE=3096, LRECL=40$2} , 

y/ SPA CE= (CYL, (8, 8)) 

J//GI.FT20F001 DD UNIT=34)0-4 , VOL=SER=34DI1Aa, DISP=(OLD, PASS}, 
Y/ LABEL=(1,NL,,IN), 

y/ DCB=(RECFM=FB, LRECL=32,8LKSIZE=512,DEN=2Z) 

7/7 


ee 





//JJEK IMB JOB (1592,0129) ,' FISHER SMC. 1399',CLASS=F 

//*MALN ORG=NPGVM1.1592P, LIN ES=(60) 

J//*PORMAT PR,DDNAME=PLOT. SY3 VECIP,DEST=LOCAL 

J// EXEC FRTUXCLGP, PARM.LKED=' LIST, MAD, XREF', REGION. GO=2790K 
//STSUT1 DD UNIT=SYSDA,3?2 ACE= (CYL, (8,8)) 

J/SUSUT2 DD UNIT=SYSDA,S2ACE= (CYL, (3,8)) 

J/SYSLIN DD SPACE= (60380, (80,80)),UNIT=SYSDA 

J/FIRT«SYSIN DD DSN=MSS.SYS3.NONIMSL. SOURCE (FOURD) , DIS2=SHR 


// 8) 
Daj wee os kt PIONS OF LAsc 
cc VineOuomortrs an Bb LIOPS AE 
c Cowes Dy EN DAP P ENDECES B AND C. 


INTEGER*2 IN(16) 
COMPLEX*8 XX9 (8192) ,¥Y0(3192), 
@s0n 8 19 2)9Go0 (8192), 2X0 (9192), 
CRO (8192) , CTO (8192) ,200(3192), 
mon¢e192) . awia(8 192) , 2 PO (38192), 
meng \92) , COMOL (8192) , COL (8192) , 
gn q9 192) , CVL (8192) ,=2 WL (8192), 
COPOL (8192), XXX (8192) , YYY (8192), 
XXL (8192) , YYL (8192) , ZXL (8192), 
ZYL (8192) , CSL(8192) ,B20(3192), 
BMO (8192) , EPL (8192) ,3ML (3192), 
SPOL(8192Z) ,SMOL(8192) ,SP) (8192), 
SPL (8192) , S40(8192) ,2TL(3192), 
CPL(8192) ,CRL (8192) ,SML (3192) 
DIMENSION TIME (8192), PREQ (8192), 
C WORK(16384),7202(8192) 

INTEGER*4 ITB (12) /12€0/ 


QA A 


Ce Qa eoe G Oh Or “Gr 61 


i35 





(2 ee @ rae @ ee ae, @ A es ee © ee @ ee Oe @, 2 eel Oe. @ ate @ al @ ae @ PS aS 


© ee © ae eee ae 


REAL*4 RIB (28) /23*0.0/,CR99(16384), 

CP00 (16384) ,CU00(16334), 

CO00 ( 16384) ,CT00(16334) ,5V00(15384), 

CWOO (16384) ,CTLL(16334), 

CPLL(16384),CORLL(16334) ,2OLL(15384), 
CULL(16384%),CVLL(16334), 
CWLL(16384),COMOLL (15 384) ,COPOLL (16384), 
SPO00(15384),SPLL(16334), 

S400 (16384),S4LL(1633 4) 

REAL ALAB (22) /"PDXO','PDYO',*ST10', 

Bee20", "ST 30", 'ST)0', 'PHAO', 

'GAMO', "'PDXL', "PDYL', "STIL', *ST2L"', 

fees", "STOLL" ,*PHAL', "GAML', 

'SPLO', *SPIL',*SH9O", "SMLL',"C29L', "CHOL'Y 

REAL*8 TITLZ(12) 

MOUNT ALSNG F(T tTLE( 1), RTB(5)), ([R00(1), 

Soely) ,(Cf£00(1),cP)(1)), 

fee eordy OOo ¢1)}, (cro 0(1) ,CTI (1) ) , (CUD0 (1) ,CU0(1)), 
fenieon 1) ,C¥O{1)), (CVI0(1) ,CVI(1)), (CTLL(1) ,CTL(1)), 
Pee neele1)), (C&L L(1) ,CRL(1)), (COLL (1) ,COL(1)), 
fai ¢ Wye GUL 1)) , (CVLL(1) ,CVL (1) ) , (CULL (19, CWL(1)), 
(COPOLL(1) ,COPOL(1)), (COMOLL(11, 
COMOL(1)) , (S200(1) ,320(11), 

fete iis ©L(1)),(S120(1) , S49 (1) ) , (SHEL (1) ,SML(1)) 
im XL0, Y YO, CS0,-09, 2X0, Z10,CRO, 

eo, CuO,CVC,CWO,YXX, 7 YY, 

meer yn,2%b,o%5,65L,8P0,BM0,BPL, 

BML,SPOL,S MOL,SP0,SPL,SM), 
PIGnen i, COL,CVL,-OPOL,CWNL,2JFOL, 

COMOL/2949 12*(0.0,0.))/ 

DATA TIME, FREQ, FRI2/24573 *0.0/ 

ITL=192 

DO 55 Jg=1,ITL 

CALL RD(20,I1N,200, IREC,128) 
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43 


eo) 


CONTINUE 

IFRAM=E=8192 

NR=20 

FNR=FLOAT (NR) 
THE FIRST SPAPEMENTS OF LOOP 70 
RECALLS DATA PREVIOQUSLY STORED IN 
THE IBM 3033 4ASS STORAGE SYSTEM. 

DO 70 L1=1,NR 

READ (21) XXX 

READ(21)YYY 

DO 43 II=1,IFRAME 

Reanit 1) =< X X(IT) 

eun(d 0) =YY Y(1T) 

CONTINUE 

we@a0) JJ=1,lF RAUE 

CALL RD(20,IN, 1000,13 EC,I RR) 

XO (JJ) =IN (2) 

ee ( J.J) =I (3) 

CONTINUE 

N=6192 

FN=FLOAT(N) 

BewtatT=1,/32. 

T=FN*DELIAT 

DELTAF=1./T 

Me20 J=1,N 

TIME(J) =DELIAT*FLOA? (J) 

FREQ(J) =D EL? AF *FLOAT (J) 

FRO2 (J) =ALOG10 (FREQ(J)) 

KXO (J) = (XX O(T) ~-2045.5) *5. /2045.5 

XXO (J) =REAL(XXO (J) ) 

YYO (J) = (YYO(J) - 2045.5) #5. /2045.5 

eos) =REAL{YY 0 (J) ) 

CONTINUZ 

el FOURT (Xk0,N,1,-1,0,#0RK) 
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40 


CALL FOURT (YYO,N,1,-1,0,WORK) 

DO 40 K4=1,N 

XXO (K4) =XXO(K4) /FN 

YYO (K4) =YYO(K4) /FN 

CONTINUE 

DO 9 L=1,N 

PRO=FREQ(L) 

IF (FRQ.LE. 15.) GO f0 2 

KXO (L) =XXO (L) / (-8 1.35 +17.065*FRQ - 0.5389*FRO*XFRQ) 
YYO (L) =YYO (L) /(-63.435 411.7195 *FRO-0. 23279 *FRO*FEQ) 
GO TO 8 

IF (FRQ.LE. 10.) GO 20 3 
XXO(L) =XXO (L) /(-18.336 + 4.9929 ¥*FROQ) 
YYC(L) =YYO () / (-63.4935 +#11.7105*FRQ -0.23279¥*FRO*FRO) 
GG TO 8 

IF (FRQ.LE.7.5)GO IO 4 

XXO (L)=XXO @) / (3.947 FRO- 9. 368) 

YYO (L)=YYO (L) / (4.295* PRO-11. 837) 

GO TO 8 

iF (FRQ.LE.5.)GO T9 35 

XXC (L) =XXO (L) / (2.8195 *FRO-0.5557)} 

YYO(L) =¥YO (L) / (2.309* FRO-.50) 

GO TO 8 

XO (L) =XXO @) /(2.723* FRQ) 

YYO (L)=YYO (L) / (2.717* FRO} 

GO TO 8 

CONTINUE 

CONTINUE 

DO 30 II=1,N 

et El) =Z2XO(z1L) + (XX) (IL) *CONJ3 (XXO (TI) )) 
Brett sr) =2% O(L1) + (YY) ( 12} *CONIS (YYO (II))) 
Scent) =cS 0 (21) + (XX) (11) =CONTs (YO (1I))) 
myer tt) =Z 0. L( Ll) + (XXL (1L)*CONTS (XXL (II) )) 
ZYL (LI) =ZY L(IT) + (VYL( IT) *CONIG(ZYL (II) )) 


GZ 





30 
70 


33 


Gos) =eSie ern) + (x Xe (ET) © CONTGS (YYL (IT) )) 
BPO (II) =XXO(II)+((0., 1.) *YYO(II)} 

SMer(L L) =X Oy —CGOe pmeeeaY YO (IT) ) 

EPi(ll) =r) + (de, 1.) *TYL (IT) } 

BML (II) =XXL(II)-((0., 1.) *YYL(II}) ) 

SPOL(II) =S£EOL (II) + (BPO (II) *CONIG (BPL (II) ) ) 
SMOL(IZ)=S MOL (II) + (BYO(IL) *CINI3 (BUL (IZ))) 
SPC (II) =SPO(II) + (BPI (II) *CONJ3 (BPO (II))) 
SPL(IT) =SPL(II) + (BPL( II) *CONIJG (BPEL (II) ) }j 
SMO (II) =SMO(II) + (BMD (II) *CONJS(3M9 (II) )) 
SML (II) =SML(II) + (BML( II) *CONJS (BML (IT))) 
CONTINUE 

CONTINUE 

DO 33 I3=1,N 

ZXO (13) =ZXO(13) *T/PNR 
ZYO (I 3) =ZYC(I3) ¥T/FNR 
CSO (13) =CSO(I3) *T/FNR 
ZXL (13) =Z2XL(I3) *#T/ ENR 
EYL (23) =ZYU(23) SP 7 ENR 
CSL (13) =CSL(1I3) *T/FY2 
See hi( 1 3)=S POL (23) * 1/7? 
SPO (I3) =SPO(T3) *T/FNR 
SPL (13) =SPL(I3) *T/FN2 
SMO (I 3) =SMO(I3) *T/FN2 
SML (13) =S4L(I3) ¥2/FNR 
SMOL(1I3) =S MOL (13) *T/? NP 

CONTINUE 

DO 44 T4=1,N 

CTO (14) =(ZXO(I4)+ZYI(I4)) *2./7 

CPO (I4) =(ZXO (I4)-ZY9(I4)) *2./(T*CTO (T4} ) 
CRO (I4) =(44CSO (14) ) /(CTO(I4) *2) 


= 
ru 


mere oy — C5 0( 04) 7 (CSIR T (2X0 (£4) ) ¥CSORT(ZY9 (14) )) 


CWO (I4) =ATAN2 (AIMAG (200 (I4)) ,REAL(CCO (IY) } } 
Beer) =csS ORT (COO (13) *CON IG (29) (I4))) 
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CTC (T4) =4. 3429448*CLIG (CTO (I4)) 

CUO (TU) =4. 3429448*CLIG (ZXO(I4) 1 

CVO (T4) =4. 3429448*CLIG (ZYO (T4)) 

CTL (I4) = (ZXL(I4) +ZYL(I4)) *2./2 

CEL (14) = (Z XL (14) -ZYL(I4)) *#2./(T*CTL (14) ) 
CRL(I4) =(4 #CSL (I4)) /(CTL(I4) €2) 

COL (4) =CSL(I4) /(CSIRT (ZXL (14) ) *CSORT (ZYL(I4)) ) 
CTL (14) =4. 3429448*CLIG (CTL (Z}) 1 

CUL(I4) =4. 3429448*CLIG(ZXKL (I4)) 

CVL (I4) =4. 3429448*CLIG (ZYL(T4)1 

C#L(I4) =ATAN2 (AIMAG(ZOL(L4)) , FEAL (COL (14) ) } 

COL (I4) =CS ORT (COL(I4) *CONIG (COL (T4))) 

COPOL (14) =SPOL (14) /(2 SQPT (SPD (I4)) *CSORT (SPL (I4)) ) 
COFOL (I4) =CSORT(CIPIL (I4) *CONT3 (COPOL (T4) )) 
COKOL(Z4) =SMOL (I4) /(ZSQRT (SMD (I4) ) #CSQRT(SHL (I4)) ) 
COMOL (I4) =CSQRT(CIMIL (L4) *CONT3 (COMOL (T4) ) | 
SPO(T4) =4. 3429448*CLIG (S22 (I3)} 

SP (4) =4. 3429448*CLIG (SPL (I4) 1 

SMC (I4) =4. 3429448*CLIG (SHO (T3) ) 

Sil. (I4) =4. 3429448*CLIG(SHL(T4)) 

CONTINUE 

NETS=10./D ELTAF+1. 


+--1 
+} 
ty 
ey 
ty) 
i 
tO 
© 


RTB (1) =0 

RTB (2) =0 

RTB (3) =ALAB(1) 

READ (5, 3000) TITLE 

CALL DRAWP (NPTS,FRQ2, CUO) ,ITB, RIB) 
ITB (6) =1 
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ALA B(2) 
2600) THTLE 
meee (NEMS, FROZ, CVO) ,ITB, x T8) 


mek Diawe (WBS, FREQ, CPO) ,ITB, 21TB) 

Tea se(G\"> 4 

ATB(3)=ALAB(G) 

READ(5, 3600) TITLE 

me eo bean? (lees, FRED, CxO), 1°18, 218) 
iTh (6)=1 

RTS (3) =ALAB(5} 

pee (57,9090) TITLE 

eee UrAR P(N PIES, FRED, CROCO (2) ,I1 2B, RTB) 


CoO) ETL E 
Peo we (ies, £xO2, CTC) ,1TB,RIB) 


fh 

"ih =KRLAB(7) 

mes ,ew0 0) TITLE 

Drea (Ps, SRE, CXHO0 ,ITB,iTB) 


: 


(3, 3000) TITLE 
eviews (NPT S,FRED, COOO ,ITS, xIB) 


RTE (3) =ALAB(9} 

RZAD(5,3000) TITLE 

CALL DRAWP (NPTS,FRQ2, CULL,ITB,RIB) 
ITE (6)=1 

RTB (3) =ALA3B(10) 

READ (5,3000) TITLE 
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CALL DRAWE (NPTS,FROQ2, CVLL,ITB, 29B) 
ITE (6) =1 
RTB(3) =ALAB(11) 
Peap io, 3090) TITLE 
CALL DRAWP (N2TS,PRE), CPLL,ITB, R2B) 
ITB (6)= 
RTE (3) =ALAB(12} 
READ (5, 3000) TITLE 
CALL DRAWP (IDTS,FRE), CRLL,1TB, RIB) 
TTB (6)=1__ 
PTE (3) =ALAB(13) 
READ (5, 3000) TITLE 
CALL DRAWP (NPTS, FRE, CRLL(2),ITB, RIB) 
ITB(6)=1 
RTB (3) =ALAB(14} 
FAD(5, 3006) TITLE 
CALL DRAWD (NPTS,FROQ2, CTLL,II3,22B) 
ITB (6) =1 
RTS (3) =ALAB(15) 
mt. 3000) ZITLE 
CALL DRAWP (NPT?S, FRED, CNLL,iTz, &2B) 
TE (6) =1 
RTB(3)=ALAB(16) 
READ (5, 3000) TITLE 
L DRAWP (NETS, FREQ, COLL,IT3, 22B) 


aTB(3)=ALAB(17) 
READ(5, 3000) TITLE 
CALL DRAW? (NPTS,FRQ2, SPO), ITB, 223) 
ah ahs 
B (3) =ALAB(18) 
READ(S, 3000) TITLE 
CALL DRAWP (NPTS, FRQ2, SPLL,ITB, 212) 
Ere (6) =1 
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Creer Gree! Cl Cy Cy Ca Gr el) ey yO 


3090 


RTB (3) =ALAB(19) 
READ(5, 3000) TITLE 
CALL DRAWP (NPTS.FROQZ2 
ITB (6) =1 

RTB (3) =ALAB(29) 
READ (5, 3000) TITLE 
CALL DRAWP (NPTS,?F 
ITE (6} =1 

RTB (3) =ALAB(21) 
READ(5, 3000) 
CALL DRAWP (NPTS, FREQ, 
ITB (6) =1 

RTB (3) =ALAB(22) 
READ (5, 3000) TITLE 
CALL DRAWP (NPTS,FR 
FORMAT (648) 

STOP 

END 

SUBROUTINE RD(IUN 


noe, 


analy mT Tm 


<< SOROS aff 


BQ, 


rid; 


Pree on sD BY 


ones, ITB, 818) 


prob, LPB, 32 B) 


COPOLL, ITB, KIB) 


COmoLd., 118, KTS) 


TRS, IREC,LRQ) 


was Ge STANTON, 


PAMO'GR & PHY . 


ITFS= NUMBER 
MmeeC= COUNTER OF REC 
BEOeGn soc SEES, 


3M IJIN, 


Meeting cat ok & RETURN 


29 
ASmnOnier 


SleienermcO4si 572028. SiVes VOLTAGS 
OPS Ro SL wCS ALLOWED (ZRRORS) 


ORDS (FRAMES OF DATA) 
SZ SLiS = RECORD 


6800 BPI TAPE UNLABLED 


fmnAO= NUMBER OF 


aCTJAL RESINCS 


(ERRORS) 
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20 


40 


50 


Sys) 


70 


80 


109 


INTEGER * 2 29(16),I2 { 
DATA IRR /O/ 

HP (TREC. 20.0) i5=0 
IER=0 

FORMAT (162) 

Ba zS.NE.C) GO TO 53 
D (IUN, 20, END=90)) 


A 
Pa SC=IREC+ 1 


fm(rs. LI. 17) GO PTO 30 


READ (IUN, 20, END=39)) 
IS=1 

LREC=IREC+1 
Men—-fMASK (ZL P(zLS) ,3, 01 © 1 


to) 


se 


fee 


Seems (6,55) ECH,1S,iLUN,T RSC 
Beno A Pe root NC ENG FCH,t£S, LUN, i REC 


Mo(ICH.NS.1) GO TO 439 
DO 100 I=1, 16 

ZO (I) =ISHIFT{IP (IS) ,4} 
TCH=IMASK (IP(ZS) ,3, 01+ 1 
fea (lCH. EOeRmGOMToNs9 
ITER=IER+1 

WRITE (6,70) IUN,IBREC 


Fe ce LEG 


eee! UN gS, *RECORD',15,' CHAN 


'2RRORS ',17} 


L 
mato. bl. 17} GOTO 100 


READ (IUN, 20, ZND=900) 
m= 

MeEC=IRSC+ 1 

CONTINUE 


ae 
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ae oh 





T(SER-EOs0je GO rowas0 
IRRK=I RR+1 
me {iRR.LT.ERS) GO Td 123 
WRITE (6,110) 
119 FORMAT ('1 STOPPED IN SUS RD BECAUSE 
@eor IRR.GT.",16,' AT &£110*) 
IRQ=IRR 
TOP 
129 CONTINUE 
WRITE (6,130) IREC,IRR 
130 FORMAT ("RESYNC AI FRAME',I6,*#ITH TOTAL ERRORS!,17) 
IER=0 
IRQ=IRR 
GO TO 50 
15) CONTINUE 
RETURN 
909 WRITE (6,910) IUN,IRXSC 
Slee FORMAT (*1 END OF JNIT ',1I3,* AT 22C #,17) 


END 

mec! TON ITSHiFT (I1N,NPLC) 
Per mUewNS  SHLP I ED ¥ 
aNE Lor Tpiveteen 1 sik Eee 


INTEGER * 2 IN 
ID=IN 
IF (IP.LT.0) IP=1P+63 536 
Mme (NPLC.LT.0) GO Td 30 
ISHIFT=IP / (2**IABS (NPLC)) 
RETURN 
30 ISHIFT=IP* (2**IABS (NP LC) ) 
IF (ISHIFT.GT.65535) ISHIFT=490 (ISHIPT, 63336) 
RETURN 


1a9 





FUNCTION IMASK (IN,IBL,I8 8) 
C MASK I*2 WORD IN OQUESIDE BITS ISL. 
g 
INTEGER * 2 IN,IO 
IO=IN 
IF (IBR.EQ.0) GO TO 50 
IT=ISHIFT (IN, I BR) 
TO=IT 
50 IP=ISHIFT (19,IBL-15-I BR) 
TO=IP 
IMASK=I SHIFT (IO,15-I8L) 
RETURN 
END 
ss 
J//G).FT207001 DD UNITT=3400-4 , VOL=SER=3MDT1B,9ISP 
// LABEL=(1,NL,,IN), 
J / DOB=(RECPM=F3, LREDL=32, 3LKSIZE=5 12, DEN=2) 


od. FT21r001 
// 

// 
PeeGo-e.sYSDUMNP D 
7G. SYSIN DD 
MeeotL PSD, MI 
BOOAVGS, 


Vv 


MT 
B25 /5 
HO. ONE 


Gort PSD, 
20 AVGS, 
STOKES 
BOGAL, 
STOKES 
LOCAL, 
STOKES 
BOCAL, 
STOKES NO. 
17A0GE82, 


NO. TwO 
W/AUGS2, 
Hos THRE 


Ee onc, VOLT, 


17AUG 82, 


I7AUGS2, 
ZERO, 
POA VGSe 


DD UNIT=3330V, MSVSP=P0B4A, DIS? 
DSN=MSS.51592. GMDI1A, 

Dona (mee eM =Vas , 51K SEZh=)996 , LRECL=149923 
D SYSOUT=A 

“ 


RY BAY, 


= (Ol, 


1122-1258 LOCAL,17A 
(DB NT**2 VS LOG 
BYERY, 1122-1254 BOSAL, 174 UG 
EC, 5VOLT, (DB NT¥®*2 VS 496 
MTRY BAY, 1122-12554 

20 AVGS, 32S/SEZ, 5VOLP 
MTRY BAY, 1122-1254 
PUMANIGS,, 325/552, 5V0LI 
MIRY BAY, 1122-1254 
POeNvGs, 325755-, SVOLT 
MPRY BAY, 1122-1254 LO 
32S/SEZ, 3 VOLT, {LO3 


UGS2, 


PR EO) 


f 


f 


Bg 


Gxt, 
VS LOG) 
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={OLM, PASS), 


putes E ) >, 





PHASE OF X AND Y, MTRY BAY 1122-1254 

MeenL, 17AUG82, 20 AYGS, 32S/SEC, 5V9LI 

COHER OF X AND Y COILS, MTRY BAY, 1122-1254 
MOChL, 17AUG82, 20 AVGS, 32S/SEC, SVOLY 

X COIL PSD, LA MESA, 1122-1254SLOCAL,1740G82, 

20 AVGS, 32S/SEC, 10VOLT, (DB NT**2 VS LOG FREQ) 
Y COIL PSD, LA MESA,1122-1254 LOCAL, 17AUG82, 

20 AVGS, 32S/SEC, 10VOLT, (DB NT**2 VS LOG FREQ) 
STOKES NO. ONE, LA MESA, 112201254 

Meer, 1720G82, 20 AYGS, 323/SE2, 13V2LT 

STOKES NO. TWO, LA MESA, 1122-1254 

Meenl, 17AUG82, 20 AVGS, 32S/SEZ, 19VDLT 

STOKES NO. THREE, LA MESA, 1122-1254 

Been, 17AUG82, 20 AVGS, 32S/SEZ, 1}VILT 

STOKES NO. ZERO, LA MESA, 1122-1254 LDCAL, 
Meemec2, 20 AVGS, 32S/SEC, 10VOLT, (L23 VS LOG) 
PHASE OF X AND Y, LA MESA, 1122-1254 

MOGAL, 17AUG82, 20 AVGS, 323/SEC, 10VILT 

COHER OF X AND Y COILS, LA YESA, 1122-1254 
Meet 17AUG82, 20 AVGS, 323/SEZ, 19V9LT 

RT CIRC POLARIZATION PSD,ATRY BAY,1122-1254 
MeciL,17A0G82,20 AVGS,32S/SEC,5VO0LT, (D8 VS LOG) 
RT CIRC POLARIZATION PSD, LA MESA, 1122-1258 
Been, 17AUG82,20 AYGS,32S/SEC,10VOLT, (DB VS LOG} 
LEFT CIRC POLARIZATION PSD, MTRY BAY,1122-1254 
MOGAL, 17A0G82, 20 AVGS,32S/SEC,3 VOLI,(28 VS LOG) 
LEFT CIRC POLARIZATION PSD, LA MESA, 1122-1254 
BOChL,17AUGS2,29 AVGS,32S/32C, 1OVOLT, (DB VS LOG) 
COHER RT CIRC POLARIZATION YTRY BAY/LA MESA, 
M22-1254 LOCAL, 17AUG82, 23 AV3S, 323/SEC 
COHER LEFT CIRC POLARIZATION MTRY BAY/LA MESA, 
mi22-12545 LOCAL, 17A0G82, 29 AVSS, 325/SEC 

/* 

_/ 
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